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I. Historical introduction 


As early as the middle of the nineteenth century it was known 
to BoUSSINGAULT (cited by SAcus 1) that plants cannot make use 
of atmospheric nitrogen in their nutrition, but are dependent on 
combined nitrogen which they ordinarily get from the soil. This 
idea has become so thoroughly established in all later works that 
any evidence of nitrogen-fixation by plants is received with unusual 
interest. Such evidence has come almost entirely from studies of 
lower organisms, such as bacteria, algae, and fungi. 

The full establishment of the nitrogen-fixing power of certain 
bacteria calls for little discussion in this paper. The important 
and now classical studies of HELLRIEGEL (2), BEYERINCK (3), 
HILTNER (4), WiINOGRADSKI (5), and SToKLASA (6) have put on 
a sure scientific basis the fact that a number of bacteria, including 
not only those associated with root tubercles, but several others, 
have the power to assimilate free nitrogen, especially when deprived 
of sufficient quantities in the combined form. It is perhaps worthy 
of note, also, that this power has been found in many cases to be 
much augmented by a symbiotic relationship with other organisms, 
such as algae, Leguminosae, and with other bacteria. A good 
résumé of the literature of this subject has been given by CHESTER 
(7), Koc (8), and HEINZE (9). 
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With this well established knowledge regarding bacteria, the 
suggestion has been easy that the closely related organisms, the 
fungi, might also be found, at least some of them, to possess a 
similar nitrogen-assimilating power. Acting on this suggestion, a 
number of investigators within the last 15 years have given atten- 
tion to this phase of the problem. 

Inasmuch as this paper is concerned mainly with this question, 
a brief historical survey seems desirable. The oldest work on 
nitrogen-fixation is cited by FRANK (10), and later by FROELICH 
(11), as having been carried on by Joprn (12) in 1862. A rich 
fungous growth was observed on nitrogen-free media supplied with 
sugar, tartaric acid, or glycerin. The purity of the cultures was 
not certain, although atmospheric nitrogen compounds were 
excluded and analytical methods were used. Later, BERTHELOT 
(13) in 1893 reported nitrogen-fixation for three fungi: Aspergillus 
niger, Alternaria tenuis, and a species of Gymnoascus, cultivated 
on a medium containing Conn’s (cited by SMITH 14) solution, to 
which had been added tartaric acid or sugar and kaolin. He claims 
purity of culture only for Alternaria, in which case he reports a 
nitrogen gain as high as 98 per cent of the original nitrogen content. 
During the same year, FRANK (15) also reported nitrogen-fixation in 
certain fungi which he found growing on a nitrogen-free solution of 
sugar and mineral constituents. Later, using Penicillium clado- 
s porioides Fres. (Hormodendron cladosporioides Sacc.) on a similar 
solution, and applying chemical analysis to determine nitrogen 
gain, he found a gain of 3.5 mg. in a 65 cc. culture. 

Further positive results have more recently been reported by 
PURIEWITSCH (16), SAIDA (17), TERNETZ (18), FROELICH (11), 
and LATHAM (20). PURIEWITSCH, using Aspergillus niger and Peni- 
cillium glaucum, cultivated on nitrogen-free media with tartaric 
acid and varying quantities of cane sugar, secured a nitrogen gain 
of 1.5-8.4 mg. for Aspergillus and 2.0-5.2 mg. for Penicillium. 
SAmpA worked with a large number of species, including Phoma 
betae, Mucor stolonifera, Aspergillus niger, Endococcus purpurascens, 
Acrostalagmus cinnabarinus, Monilia variabilis, and Fusisporium 
moschatum. He cultivated these on synthetic media with varying 
quantities of sugar. He also used cultures with and without fixed 
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nitrogen. In the first four species, he found a nitrogen gain, 
running as high in one case as 10.53 mg. in a socc. culture of beet 
sugar decoction. The last three species showed negative results 
throughout. 

TERNETZ first isolated a pycnidium fungus from the roots of 
Oxycoccus, reporting that it had the power of fixing free nitrogen to 
the amount of 6-10 mg. per 1 gm. of dextrose used. Later, the 
same author (19) contributed another paper on other pycnidia 
fungi, isolated from the roots of Ericaceae and referred to the genus 
Phoma. These were cultivated on nitrogen-free media based on 
WINOGRADSKY’S formula, but using varying quantities of sugar, 
phosphate, and magnesium. In a full and painstaking investiga- 
tion, the author reports free nitrogen assimilated by the 5 species of 
Phoma as follows: 2.17, 3.99, 10.9, 18.0, 22.1 mg. per 1 gm. of 
dextrose used. In the same investigation, Aspergillus niger and 
Penicillium glaucum were reported to gain 1.71 and 3.8 mg. 
respectively per 1 gm. of dextrose used. 

Four years later, FROELICH contributed a careful study of four 
fungi isolated from decaying stems and leaves. The forms were 
identified as Alternaria tenuis Nees, Macrosporium commune Rbh., 
Hormodendron cladosporium Sacc., and Cladosporium herbarium 
Link. These were cultivated on a medium similar to WINo- 
GRADSKY’S for Clostridium pasteurianum, with quantities of dex- 
trose varying from 2 to 5 gm. per roocc., and the cultures were 
aerated by air freed from combined nitrogen. The author reports 
nitrogen gains of 2.56-8.92 per 1 gm. of dextrose used. FROELICH 
also reported confirmation of TERNETz’s results on Aspergillus niger 
and Penicillium glaucum, although much smaller gains are reported 
by FROELICH. 

Perhaps the latest positive results for nitrogen-fixation by fungi 
have been contributed by LATHAM (20), who worked on Sterig- 
macystis nigra (Aspergillus niger), cultivated in solutions containing 
ammonium nitrate, potassium dihydrogen phosphate, magnesium 
sulphate, sugar, and a trace of iron. Some of the cultures were 
modified by the addition of zinc sulphate, but this was reported 
to have an inhibiting effect on the nitrogen-assimilating power. 
The cultures without zinc sulphate are reported to fix nitrogen 
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in quantities all the way from 1.6 to 205.1mg. The author 
believes that the critical point of the fungus with regard to the 
nitrogen supply is slightly below 160.3 mg. of nitrogen in 50 cc. 
of the solution, and when a greater quantity of nitrogen is supplied 
to the fungus, it ceases to fix nitrogen and begins to consume it. 

All this weight of evidence would seem to establish fully the 
fact of nitrogen-fixation by fungi, were there not also a large and 
increasing amount of negative evidence by well recognized investi- 
gators. WINOGRADSKY (21) has reported that he failed to confirm 
the results of BERTHELOT on Aspergillus niger, while Kocu (8) 
states that he was unable to confirm the work of either PuRIE- 
WITSCH or SAIDA, giving as his opinion that they worked with 
impure cultures or were in some other way mistaken in their results. 
Again, CZAPEK (22) reports negative results for Aspergillus niger. 
Also HEINZE (9g) has recorded a repetition of the work of “PuRIE- 
WitscH and SaIDA, using similar solutions as well as numerous 
modifications, including variation of the sugar content and also 
of the fixed nitrogen content. In no case was he able to confirm 
the earlier work. He fails, however, to give his analytical data. 
Further, it may be noted that TERNETz disagrees quite widely with 
PURIEWITSCH regarding the amount of nitrogen gain in the case 
of Penicillium and Aspergillus in nitrogen-free solutions. It 

.may be added further that BREFELD (23) and HEINZE (9) have 
reported negative results with reference to the nitrogen-fixing 
power of certain species of Ustilago and with Dematium-like fungi 
and yeasts. 

More recently, further weight has been added to the negative 
side by the work of PENNINGTON and DuGGarR, as well as by the 
work of this investigation. PENNINGTON (24) first reported no 
nitrogen-assimilating power for a species of Fusarium isolated 
from the soil. Later (25) he reports absolutely no nitrogen-fixing 
power: for Aspergillus niger, Penicillium glaucum, and Alternaria 
(sp.), either in nitrogen-free or in nitrogen-containing media, using 
methods similar to those of FROELICH and TERNETZ. DuGGAR 
(26) has very recently reported negative results for the following 
fungi: Coprinus comatus, Daedalea quercina, Polyporus sulphureus, 

Trichoderma lignicola, and Aspergillus niger. With these he carried 
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out two series of experiments, involving about 400 flask cultures 
with a great variety of culture media. Analyses showed that in 
no case was there fixation of atmospheric nitrogen, except possibly 
in certain cultures of Aspergillus niger. In many cases, DUGGAR 
reports there was a loss of nitrogen, which he attributes, usually 
at least, to the production of gaseous nitrogen. A thitd series of 
experiments is referred to, in which additional fungi have been 
tested and the experiments of other investigators have been 
duplicated with negative results. 

It is beyond the province of this paper to consider the mycorhiza 
fungi, any more than merely to refer to the work of HILTNER (27), 
FRANK (28), and others, who have reported nitrogen-fixation by 
such fungi. 

Discussion of these apparently very conflicting results will be 
reserved till a later part of this paper, the purpose here being only 
to give a brief historical review of the work on this problem up to 
the present time. 

The investigation described in this paper was begun several 
years ago, under the direction of Professor J. B. Pottock at the 
University of Michigan. The following purposes were in mind: 
(1) to determine what species of fungi live habitually in an ordinary 
agricultural soil; (2) to study their distribution as to depth and 
nature of the soil; and (3) to begin some study of the part they 
play in soil fertility. After isolating and making a study of about 
17 species, attention was turned to the problem of nitrogen-fixation, 
since it was thought, from our knowledge of bacteria, that if any 
fungi possessed nitrogen-fixing power, such forms might well be 
looked for in the soil. Furthermore, if any soil fungi were found to 
fix nitrogen to any marked degree, such a fact would have important 
bearing on soil fertility, as well as a large interest from the purely 
physiological standpoint. 


II. Isolation and identification of soil fungi 
HISTORY OF SOIL FUNGI INVESTIGATIONS 
Although many of the fungi living in the soil have been known 
for some time, and many attempts have been made to isolate 
mycorhiza forms, little work seems to have been done previously 
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in studying the fungous flora of the soil as such. This is the more 
surprising, since what study has been carried on indicates that there 
is a very abundant and distinct group of forms which live habitu- 
ally in the soil. 

Perhaps the most extensive work in isolating and studying these 
forms is that of OuDEMANS and KONING (29), who reported 45 
species from a humous soil of the forest of Spanderswoud, near 
Bussum, in Holland. It seems quite remarkable that of these 
45 species, 32 were named as new species which inhabit the soil. 
These belonged to the Hyphomycetes and Phycomycetes. Few 
other similar studies seem available, although ADAMETz (30) has 
carried on a study of organisms found in a field soil. He reports 
having isolated, besides a number of bacteria and yeasts, the follow- 
ing fungi: Penicillium glaucum, Mucor mucedo, M. racemosus, M. 
stolonifer, Aspergillus glaucus, and Oidium lactis. Again, HAGEM 
(31) has recently reported an investigation of Mucorineae which 
he isolated from soil and air; 16 species were obtained from the 
soil, and it is interesting to note that he named 8 of these as new 
species. 

Since the completion of this investigation, and after the appear- 
ance of a preliminary paper by the author (Proc. Mich. Acad. Sci. 
1git), a paper by DALE (46) on soil fungi has been received. This 
investigator reports and figures 20 genera of fungi isolated from a 
sandy soil obtained from the Royal Agricultural Society’s Farm 
at Woburn, England. The resemblance between DALE’s list and 
that of this paper is certainly very striking. Not only many of 
the genera, but a number of the species, are the same. I note 
also in DALE’s paper a reference to a recent paper by JENSEN (47). 
It is evident from these numerous recent studies that much atten- 
tion is being given to this subject. 


SELECTION OF A SOIL PLAT 

For the isolations of this investigation, a plat of rather rich, 
clay loam was selected from a garden in Ann Arbor. It had been 
in use for many years for raising common garden vegetables, 
usually in rotation. As a rule, it had been heavily manured, but 
during the last few seasons this had been less frequent and less 
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abundant. No manure had been used the year previous, although 
a garden crop had been raised. The entire plat was 20X60 feet. 
This was divided into three equal squares which were treated as 
follows: plat I was untilled and unfertilized; plat II was well 
tilled but unfertilized; while plat III was both well tilled and well 
fertilized with stable manure. Samples of the soil from these 
plats were taken in a manner hereafter described, and cultures were 
made in the laboratory by the usual method, outlined by DuGGaAR 
(32, pp. 34-40). Pure cultures were then isolated and studied. 


CULTURE MEDIA 

Media for the platings and pure cultures were chosen with 
reference (1) to the idea of inhibiting the growth of bacteria, and 
(2) to getting a firm medium on which fungi could be studied con- 
veniently. Two methods were tried: (1) a large percentage of 
gelatin was added to the medium, and (2) the medium was made 
strongly acid by the use of oxalic or lactic acid. The latter method 
was abandoned, proving largely a failure on account of the tendency 
toward liquefaction following sterilization. The first method was 
successful, and was therefore employed for the first platings through- 
out the investigation. The only difficulty in its use was a tendency 
with the mineral salts used to give a precipitate, probably mag- 
nesium sulphate, during the sterilization. Less of this difficulty 
occurred by the use of the steam sterilizer than with the autoclave. 
By the former method a fairly clear medium was obtained, on which 
practically no bacterial growth appeared. 

For the pure culture tubes, an agar medium without gelatin 
was found most satisfactory, on account of the easy liquefaction 
of the gelatin in warm weather. Again, a medium containing 
calcium nitrate instead of ammonium nitrate was found to produce 
more characteristic cultures of some fungi, since with the latter a 
cheesy consistency was developed on the medium, and a slimy 
crust was often formed over the surface, which interfered with 
the vegetative development. After considerable experimentation, 
three media were finally used: medium 1 was used almost exclu- 
sively for the first platings; the growth of the fungi was also tested 


on this medium in pure cultures; media 2 and 3 were used ex- 
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clusively for the pure cultures. These media had the following 


composition : 

MEDIUM 1 
BORNE RMON oo ciccsk cis cn okateanitiels ear aeeeneens 100.0 CC. 
neat air ery cote ane rer 30.0 gm. 
NNO aye PorcneheGic oats ra tua retsie seein sy aca erstaiasacsie lesa isin TM 2.0 gm. 
Monopotassium phosphate... ..............00e eens 0.2 gm. 
PASTETOIITINE MURA 5.5 Sonne ois a's 5 o/s 0 Sc bane So oe. 0'sles 0.2 gm. 
PA RESHINAGUIINALE 5 io ac oss oo ess ode 8s Vani ee 8% 0.02 gm. 
PONTIAC 535.5. lc oie ha SS ais Gren eretais ere eer Trace 

MEDIUM 2 

The same as medium 1, except the gelatin was omitted. 

MEDIUM 3 
WE ts. Gsore wan sunray miemian eaters 100.00 CC. 
PE LR oe cate wticlncsaatiystne Sie ahs 2.00 gm. 
Monopotassium phosphate............ (M/z100) 0.136 gm. 
COMCHINTINE |; 26 oss wiwinaidarainc ce (M/t00) 0.164 gm. 
Magnesium sulphate................. (M/1000) 0.012 gm. 
RSRRD RRR te ona s aang eters Orin (M/ 100) 0.270 gm. 


Medium 3 was not quite so transparent as medium 2. How- 
ever, as previously noted, the fungi studied seemed to develop 
more characteristically on the latter. The acidity of media 1 and 
2 was tested by the method in common use among bacteriologists 
(14), described by DuccaR (32). Medium 1 gave an acidity of 
80, according to FULLER’s (34) scale; medium 2 gave 20. The 
inhibiting effect of the gelatin medium on bacteria is thought to 
be due to its rather strong acidity. The quantities of the mineral 
constituents of these media were based on some studies on “‘opti- 
mum media” carried on in this laboratory, where it has been found 
that the optimum quantities, especially of the nitrate, are much 
below the quantities generally recommended. The same has been 
confirmed in this investigation. 


METHOD OF SAMPLES, PLATINGS, AND ISOLATIONS 


The method of taking the soil samples was a slight modification 
of that used by Kinc and Dory LAnp (35), at the Kansas Experi- 
ment Station, in bacteriological work. The sampler consists of a 
steel tube, 10 cm. long and 1 cm. inside diameter, together with a 
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brass rod, 11 cm. long and 1 cm. in diameter, made to operate 
as a piston inside the tube. At one end of the tube is a collar 
through which operates a small thumbscrew for holding the piston 
in any position desired. The opposite end is sharpened for enter- 
ing the soil. . The brass rod-is graduated so as to indicate the size 
of each soil sample in cc. At the thumbscrew end, the brass rod 
is rounded to form a convenient knob for holding. For use with 
the sampler, a lath 20cm. long and 5 cm. wide was perforated 
with a row of holes, each slightly larger than the sampler, running 
lengthwise of the lath and 2 cm. apart from center to center. 

The samples were taken as follows: first a hole, about 30 cm. 
square and 20 cm. deep, was dug with a spade in the experimental 
plat. Then a vertical face of this hole was scraped off with a steril- 
ized steel spatula, and the fresh surface immediately covered by 
the lath. Next, the sampler, having been set for the size of sample 
desired, and sterilized in an alcohol flame immediately before use, 
was pushed horizontally into the soil through one of the holes in the 
lath at the desired depth. After being turned once or twice on 
its long axis to loosen the sample, the sampler was removed and 
the sample was pushed quickly into a sterilized, cotton-stoppered 
test tube provided for the purpose. The cotton plug was held 
between the fingers while putting in the sample, and was returned 
as quickly as possible. By this method, all surface contamination 
was avoided and only fungi actually existing in the soil at the depth 
of the sample were taken. A view of the whole sampling outfit 
is given in fig. 1. 

Samples of 2 cc. each were taken, and after being transferred 
to the sterile, cotton-stoppered test tubes, were carried to the 
laboratory and each treated with 18 cc. of sterile distilled water. 
Each sample was thoroughly shaken, and as soon as the coarser 
soil particles had settled, 2 or 3 drops were transferred, by means of 
sterilized pipettes, to the first of a series of three tubes, each of 
which contained tocc. of the gelatin medium, which had been 
melted previously and maintained at 42°-46°C. From the first 
of these three tubes 2 or 3 drops were transferred to the second, 
and from the second 2 or 3 drops to the third. Plates were then 
poured in the usual way. 
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Vigorous growth was generally obtained in 3 or 4 days, this 
time being shortened by higher temperatures. As fast as indi- 
vidual mycelia could be distinguished, pure cultures were isolated 
by transferring to properly sterilized tubes of media. Medium 2 
or 3 was usually used for this purpose, on account of the tendency 
of the gelatin to liquefy in warm weather. Little difficulty was 
encountered in getting pure cultures in this way. That the method 
of plating was successful in keeping out all foreign spores was 
demonstrated by a set of blanks, which was made at the time the 
other plates were poured. ‘These were poured like the others, but 





Fic. 1.—Sampling outfit 


were inoculated from sterile distilled water. On these, no fungi 
developed until many days after liberal growth had occurred on 
the soil-inoculated plates, and then only an occasional mycelium 
appeared on the very edge of the plate. In most cases, these 
plates were perfectly clear for weeks after their preparation. 


DISTRIBUTION AS TO DEPTH 
In accordance with a previously stated purpose, these fungi, 
after isolation, were studied with reference to the following points: 
(1) distribution as to depth; (2) distribution as to treatment of soil; 
(3) structural characters and identification. These will be consid- 
ered in the order given. 
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The studies of distribution according to depth were made on all 
three of the plats previously indicated. Samples were taken in 
different positions horizontally on each plat. Three depths were 
tried at first: 2cm.,8cm.,and 14cm. Later, samples were taken 
at only two depths: 4cm. and 12cm. Four sets of samples were 
taken on dates and at depths indicated in table I. A series indi- 
cates a set consisting of a sample at each level given. 


TABLE I 

Date Plat No. of samples Depths incm 

Apr 26.064 ised oacewma Keen if 2 series 2, S, 14 
July 2. I 2 2, 8, 14 
12 II 2 2, 8, 14 

August 15 Ii I 2, 14 
October 12 I I A, 12 
12 II I 4, 12 

12 III I 4. 12 


After mycelia had become 3-8 cm. wide, countings were made 
of each plate, as accurately as possible without special device, to 
determine the number of mycelia for each plate. The counting 
for each sample included all the mycelia on the three plates which 
were inoculated from that sample. A summary of the results 
obtained by these countings is given in table II]. The averages 
given were obtained by adding together all the countings made at 
a particular depth and then dividing by the number of samples at 
that depth. 


TABLE II 
AVERAC E NUMBER OF MYCELIA PER SAMPLE AT EACH DEPTH 
PLAT 

2cm. 4} cm. 8 cm 12 cm. 14cm 

Beier puee cee 68.6 21.5 5o 4 29.0 7 ee 
| Se wteeaca Ria a 101.5 23.5 59.5 35.5 50.0 
BURY ie.'xborsb ba ececoncen Seas 17.8 36.5 28.0 20.0 
Average for 3 plats....... 62.6 30. 2 55-9 30.8 41.4 


While the accuracy of the absolute values of these countings, 
from which these averages are computed, might well be questioned, 
nevertheless, it is believed that the relative values of the averages 
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are significant. The method of counting was probably not strictly 
accurate, and, furthermore, the difference in the times of taking 
samples might well affect the absolute numbers. It is also true 
that the investigation of a larger number of samples would be 
desirable before drawing final conclusions. Nevertheless, the 
comparative results indicate that the fungi in the soil investigated 
were distributed rather uniformly at different depths, at least as 
low as 14cm. No samples were taken at a greater depth. This 
result is quite different from that usually found for bacteria (see 
KING and DoRYLAND 35). 

Some study was also made of the depths at which particular 
fungi were found. From the results obtained, no definite rela- 
tionship was discovered. Any particular species seemed about as 
abundant at one depth as at another, down as deep as samples were 
taken. The results for the three most abundant species are given 
in table III. 











TABLE IIT 
Torat NUMBER OF CULTURES AT EACH DEPTH 
NAME NUMBER OF l 
sis rir 2 cm. | 4 cm. 8 cm. | 12cm. | 14 cm. 
PusartnteD, 2) occ ince oeedeen 13 2 I 5 3 2 
Mucor ambiguus...........-... 14 4 3 I 3 3 
Trichoderma nigro-virens....... 8 3 4 ° ° | I 

















These data were obtained, not from the original plate cultures, 
but only from the pure cultures isolated from the plates. This was 
for the reason that the fungi were many of them not identified until 
after they had been isolated for some time, when those in the plates 
had overgrown each other too far to be distinguishable. The data 
here given are regarded as insufficient for the drawing of final 
conclusions, but as far as they go, they do not seem to show any 
definite relationship between the position of particular species and 
depth. 


DISTRIBUTION ACCORDING TO TREATMENT OF SOIL 


As previously stated, the three plats were differently treated 
as to tillage and fertilization. It was expected that a marked 
difference would be found in the flora of the different plats, espe- 
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cially in plat III as compared with the others. This plat was 
heavily manured, and then well spaded and raked. The results, 
however, did not seem to fulfil the expectation mentioned. Out of 
about 60 pure cultures isolated, representing 18 different species, 
but 2 species were found exclusively on plat IIT, while 3 were found 
exclusively on plat I, and 3 on plat II. It would seem more reason- 
able to suppose that these differences were due rather to the chances 
of sampling or isolation than to differences in the flora of the plats. 
The results would indicate then a probability, at least, that there 
is a rather constant and characteristic fungus flora in the soil, 
regardless of the treatment as to tillage or manuring. It should 
be noted in this connection that the samples from the manured 
plat were not taken until about 3 months after the manure was 
applied. Any foreign fungi, therefore, which might have been 
introduced with the manure may have begun to grow, and, finding 
conditions unfavorable, have died out. 

The conclusion that there is a rather constant and distinct 
fungus flora in the soil is strongly confirmed by the work of other 
investigators. Mr. GROSSMAN, whose work has not yet been 
published, has worked in this laboratory on a very different soil 
from that used in this investigation. The soil used by him was a 
very fine, red clay on which plants grow poorly, located about 
a mile away from the University. Out of about 12 or 14 species 
isolated from this clay soil, at least 8 are the same as those re- 
ported here. What seems even more remarkable in this connection 
is that out of 18 species isolated here, 7 are the same as those found 
by OuDEMANS and KONING (29) in forest soil near Amsterdam, 
Holland. And furthermore, 4 of these were named by OUDEMANS 
as new species. Out of 13 genera found here, 8 were the same as 
those found in Holland. 


LIST OF FUNGI ISOLATED 
The list of fungi isolated is as follows (p. 262). One asterisk 
indicates fungi found also by GrossMAN; two asterisks, those found 
also by OUDEMANS and KonING (29); three asterisks, those found 
in all three investigations. The descriptions follow, and drawings 
may be found in figs. 2-16. 
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PHYCOMYCETES.—(1) Mucor ambiguus Vuill.; (2) M. stolonifer Ehrenb. 

HyPHOMYCETES.—(3) * Myceliophthora sulphurea, n. sp.; (4) Coccospora 
agricola, n. sp.; (5) *Fusarium, sp.; (6) ** Acrostalagmus cinnabarinus 
Cda.; (7) * Pachybasium hamatum (Bonord); (8) ** Aspergillus calyp- 
tratus Oudem.; (9) A. nidulans (Eidam); (10) * Penicillium glaucum Link; 
(11) * P. bicolor Fries; (12) * P. candidum Link; (13) ** P. humicolum 
Oudem.; (14) *Hormodendron cladosporioides Sacc.; (15) ** Monilia 
Koningi Oudem.; (16) *** Stysanus stemonites (Pers.); (17) Trichoderma 
nigro-virens, n.sp.; (18) ** T. Koningi Oudem.; (19) Verticillium chlamy- 
dosporium, n. sp. 


DESCRIPTIONS OF FUNGI 

For the identifications the systematic works of ENGLER and 
PRANTL (36), RABENHORST (37), and SaccaRDO (38) were used. 
The work of OUDEMANS and Kontnc (29) was also found very use- 
ful, and the work of LEGER (40) was referred to. 

Mucor AMBIGUUS Vuill.—M ycelium floccose, spreading rapidly, 
soon covering the substratum and sending aerial hyphae 1-3 cm. 
above; becomes dusty gray by formation of sporangia. Hyphae 
branched, hyaline, 6-10 in diameter. Sporangiophores very 
variable in length; branching racemose-sympodial, richly mixed. 
Each method occurs separately and the two are often combined 
in the same fructification. In the racemose type the terminal 
sporangia are often larger than the lateral, the whole appearing 
clustered. In the sympodial branching a cross wall cuts off a 
sporangiophore, and then a lateral branch forms basal to this wall. 
The lateral branch continues growth, repeating the process, thus 
developing a sympodial system. The two types of branching 
are often combined by one or more branches of a racemose cluster 
becoming elongated and developing in the sympodial way. 
Branches of the sympodium t1o-100 yw long. Sporangia globular, 
60-100 uw in diameter, larger terminal sporangia 125 wu, dusty 
brown in color. Columella present, conical to globular, 35-50 X 40- 
60 » in diameter, slowly deliquescent leaving a slight collar. Spores 
elliptical, seldom globular, 3-5 X 5-7 u in diameter, smooth.—Fig. 2. 

This fungus showed extreme variation in the branching of its sporangio- 
phores. While its diagnosis, so far as branching is concerned, comes very near 
to M. globosus Rabenh., its spores are typically elliptical and not globular. 
At the same time, the columellas are conical to globular and not pyriform. 
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These characters correspond much more closely to M. ambiguus. Consider- 
ing all its characters, it was decided to refer it to that species. 

This form was found very abundantly in all the cultures made. Its 
abundance was exceeded only by that of Fusarium sp. 

Myceliophthora sulphurea, n. sp.—Mycelium at first orbicular, 
white, loose, and tufted in the center with a radiate border; becomes 
sulphur yellow and 
finally zoned with pale 
yellow or white center, 
alternate white and 
yellow ridges, and a 
white, radiate border; 
reverse side orange 
yellow; medium little 
colored. Hyphae 
branched, septate, 
hyaline, 3-4 uw broad, 
easily falling apart into 
oidia-like segments of 
very variable size and 
form, some rounding 
up into oval or globu- 
lar conidia, others 
remaining as undiffer- 
entiated cells. Conidio- 
phores scarcely differ- 
entiated from the 
mycelium; sometimes 





Fic. 2—Mucor ambiguus Vuill.: a-c, sympodially 
whole hyphae break branched sporangiophores, X80; d-f, racemose spo- 
rangiophores, X80; g, mixed racemose-sympodial 


up into oidia, in other : ; 
: ne sporangiophore, X 180; /, columellas, X 180; 7, spores, 
cases rows of conidia, yg 
380. 

with yeastlike branch- 
ing, form at the ends of certain branch hyphae. Conidia exceedingly 
variable, from undifferentiated cells to oval globular spores 5-10X 
10-16 w in diameter; no chlamydospores.—Fig. 3. 

The vegetative appearance of this form is very characteristic and very 
constant, but the spores and method of fructification are rudimentary and very 
irregular. 
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Coccospora agricola, n. sp.—M ycelium orbicular, at first white 
with a tufted center and radiate border, becoming slightly zoned 
with concentric grooves and ridges, turning pinkish brown especially 
inside, finally forming a powdery pinkish brown surface with age; 
reverse side weakly orange. Hyphae very little branched, septate, 
4-6 uw broad, hyaline. Conidiophores little differentiated, consisting 
of short side branches, 
each bearing a single 
spore at the end, or 
sometimes forming race- 
mose clusters; side 
branches 12-30 uw long, 
generally septate. Co- 
nidia (chlamydospores) 
large, thick-walled, 
mostly globular, very 
persistent, not being set 
free in water, 16-25 u 
in diameter; membrane 
hyaline, 2-3 yw thick; 
contents highly granular 
and faintly brownish.— 
Fig. 4. 

The large, thick-walled, 
persistent chlamydospores, 
and the simple method of 
fructification, were the most 
strikingly characteristic fea- 
tures of this fungus. 





Fic. 3.—Myceliophthora sulphurea, n. sp.: a, 
habit sketch; b,c,e, hyphae bearing simple conidio- 
phores with conidia, X180; e-h, hyphae breaking , ’ 
up into oidia, 380; i, oidia-like conidia, 380. FUSARIUM (sp. jo 

Mycelium white, chan- 
ging to pink, spreading rapidly to form a compact, floccose mat of 
indefinite extent, soon covering the medium; no zonation, reverse 
color pink, medium colored pink. Hyphae profusely branched, 
septate, rising to form a loose, cottony web above the medium, 
granular, hyaline, 2.5—3.5 u broad, under unfavorable conditions 
forming knotted chains of chlamydospores. Conidiophores at first 
short side branches bearing a spore at the end, or lacking with the 
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spo: > sessile; later developing into a Cephalosporium stage in which 
the .onidiophore lengthens, becoming 30-80 long, cutting off 
successive conidia (microconidia) at the end, older conidia pushed 
aside by the younger to form a globular head enveloped in more 
or less slime; head falling to pieces easily. Conidia varying widely 
in size, form, and number of septa. Microconidia small and kidney 
or oval-shaped, with no 








septa, 3-4X8-12 ym in di- — 
ameter. Macroconidia } 
ically sickle-shaped + SA 
pice 7 sickle-shaped, din we 
=" y_ sicKle-shape Wy 
with 1-4 septa when old; 6 ) CS 
2-septate spores 4XII = {_Z7 ~ 
} . A Cs 
20m; 3-Sseptate spores 4-5 s+ Nx “ey IM ~~ 
AA NS / 
‘a é ‘ . : A ; L)—“— - — 
X 25-36; 4-septate spores | SS 
dl cy ror L 
5X38 mw. Conidial heads x ZF 
. . oa —) 
globular, 30-35 wu in di- Score 4 | 
ameter.— Fig. 5. LCS 4 eN 
x ae L 
This was the most abun nw [~~ i 
. ‘ ae Net 
dant fungus found. It was aN NN 
sc ° ° : \ oe VA, ‘ 
rather uniformly distributed in lee SO = ia 
all the plats and at all the =~ #£ \ a) 
depths. Ten or twelve mycelia LI LS VO 
of this were obtained on the \ Lt 
t ee ; OF ARS 
plates to one of any other & = ing 
e - p.<o)! ‘ \. 
fungus. SS SS \ 
SZ f C 
- a4 { (9) 
ACROSTALAGMUS CINNA- sa 


> > TITC ‘de -R y NY — . a Bie : ° 
BARINUS Cda.—RABEN FiG. 4.—Coccospora agricola, n. sp.: a, habit 
HORST 37, ¥*: fig. 340; sketch; b, branched hypha, X80; c, hyphae 
OuUDEMANS and Koninc 29, bearing conidia on simple side branches, X 180; 
16 UM veeli “a d, clustered conidiophores, X 380; e¢, simple co 
pt. 0.--M yeeltum orbicular, nidiophores bearing conidia, 380; /, conidia 
at first white, changing to  (chlamydospores), X 380. 
orange or rose pink, be- 
coming zoned with white margin and zones of light and dark pink 
or orange within; reverse color orange or pink; medium not colored. 
Hyphae branched, septate, 3-4 broad. Conidiophores upright. 
septate, twice verticillately branched, secondary branches 12 u 
long, ninepin form, bearing at the end a globular head of conidia 








enveloped in slime; heads 8-14 uw in diameter, easily falling apart. 





266 BOTANICAL GAZETTE [OcTOBER 


Conidia elliptical, 1. 5-3 4-6 pw in diameter.—Fig. 6, A. 


This fungus, in most of the cultures, did not show the characteristic rose- 


red color, but rather a decided orange. However, several luxuriant plate ( 





Fic. 5.—Fusarium (sp. ?): a, b, hyphae 
bearing simple conidiophore, 160; ¢, same, 
380; d, e, hyphae bearing conidial heads 
(microconidia), X180; f-j, stages in formation 
of conidial heads, 380; /, hyphae forming 
chlamydospores, X180; m, same, X380; 1, 
microconidia, 380; 0, macroconidia, 380. 


rising upright from the hemispherical tufts, consisting of a twice or 
three times branched fertile portion and an elongated, terminal, 
sterile portion; fertile portion verticillately branched or forked to 
branches of the third order; end branches thick flask-shaped, 5-8 yu 
long, each having a sterigma-like end which bears a spore; sterile 


cultures showing brilliant rose 
pink were developed on me- 
dium 1 by inoculation from an 
orange culture. Orange cul- 
tures were obtained again by 
inoculation from the rose pink. 


PACHYBASIUM HAMA- 
tum (Bonord).—RABEN- 
HORST 37, 17: fig. 311; 
ENGLER and PRANTL 36, 
I": fig. 440, A.—Myce- 
lium at first white and 
scant, spreading to form 
a loose web, sometimes 
hardly visible on the sub- 
stratum, soon forming 
irregular, white, woolly, 
hemispherical tufts 
1-5 mm. broad, giving a 
scattered, botryoidal ap- 
pearance; tufts at first 
white, becoming gray- 
green as spores form; re- 
verse color the same; no 
coloration of the medium. 
Hyphae sparingly 
branched, hyaline, 3-5 pu 
broad. Conidiophores 
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ends with one or two short branches, septate, bent, and rising over 
the surface of the tufts giving a characteristic woolly appearance. 
| Conidia single, pale green, gray-green in mass, 3-4X5-7 mw in 


( diameter.—Fig. 7. 


However, there seems little doubt 
that this is the same species. 


ASPERGILLUS CALYPTRA- 
Tus Oudem.—OUDEMANS and 
KONING 29, pl. 13.—M ycelium 
floccose, spreading into a 
thick, white mat of irregular 
extent, little zonation, be- 
comes avellaneous with age, 
green where spores are pro- 
duced thickly changing to 
almost black; reverse side 
avellaneous to fulvous; no 
coloration of the medium. 
Hyphae richly branched, 
hyaline, septate, 3-4 u broad. 
Conidiophores upright or in- 


clined, o.3-0.4 mm. _ high, 
base hyaline and_ septate, 


swollen end elliptical or re- 
verse pear-form. Conidial 
fructification long, cylindrical, 
dark green changing to black, 
40-60X 100-200 uw silong. 
Basidia nearly cylindrical, 
pointed, densely packed, 
6-8 pw long. 








This description agrees well with RABENHORST, except that the sizes of the 
spores and of the flasklike end branches of the conidiophores are a little small. 
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Fic. 6.—A, Acrostalagmus cinnabarinus 
Cda.: a, b, hyphae bearing conidiophores, 
X80; c, conidiophore with conidiiferous 
cells and conidial heads, 380; d, conidia, 
X 380. 

B, Penicillium bicolor Fries: a—c, conidial 
fructifications, X80; d-f, same, showing 
branching and conidiiferous cells, 380; 
g, conidia, X 380. 


Conidia in long chains, globular, smooth, gray-green, 
2-3 mw in diameter.—Fig. 8, A. 

ASPERGILLUS NIDULANS (Eidam).—ENGLER and PRANTL 36, 
1': fig. 215.—Mycelium at first white, soon becoming chrome 
green with white or cream border, finally ochraceous to dirty green; 
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globular, 16-23 w in diameter. 
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surface having a botryoidal appearance especially on media 1 and 


reverse color ochraceous; 


Hyphae much branched, septate, hyaline, 4-5 » broad. 
phores upright, o.1-o.3 mm. long, septate; 





WS 
Y 


medium 


colored reddish brown. 


Conidio- 
sub- 


swollen end 


Conidial fructification irregularly 


globular, loose, dark green to 
black, 75-125 w in diameter. 
Basidia once branched, pri- 
mary branches club-shaped, 
about 5 u 
branches ninepin form, 7 u 


long; secondary 


long. Conidia in long chains, 
globular, 2.5-3 u 
ter.—Fig. 8, B. 
PENICILLIUM 
Fries. 


in diame- 


BICOLOR 
“Mycelium at first 
white, center becomes glau- 
cous with white border, later 
develops a sulphur yellow 
outer zone which continues 
to form in the new growth, 
giving slight the 
whole finally changes through 


zonation, 


avellaneous to brown when 


old; yellow develops more 





brilliantly on ammonium 


hamatum ‘ chee ; 
nitrate media (nos. 1 and 2); 


Fic. 7.—Pachybasium 
(Bonord): a, habit sketch; 6, fruiting tuft 
showing conidiophores and sterile ends, less yellow and more glaucous 
X80; d, branching conidiophore with whorls 
of conidiiferous X 380; ¢, 
hyphae with sterile end, X180; e, 


X 380. 


on calcium nitrate medium 


cells, fruiting 


(no. 3); reverse color fulvous 
to 
colored 


conidia, 
medium 
Hyphae 
Conidio phores 
upright, septate, hyaline, 200-300 uw long, 2-3 u broad, branched 
Conidial 
fructification 100-200 uw long, consisting of branches to the second 


ferruginous; 
brown. 
branched, many septa, much curved, 1. 2-2 uw broad. 
cS 


times at the top to form a compact fructification. 


and at times to the third order (tertiary), the last bearing whorls of 
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conidiiferous cells on the end of which are long chains of conidia; 
fructification very compact; branches cylindrical, of about equal 
length, 8-10 w long, 3 broad. Conidiiferous cells slender flask- 
form, slightly bent, 8-9 uw long. Conidia globular, nearly hyaline, 
pale green in mass, 2-3 mu in diameter.—Fig. 6, B. 

This answers closely to 
the fungus described by 
OUDEMANS and quoted in 
RABENHORST under the 
name bicolor, as found in 
humous earth in Holland. 
I find nothing in THom (33) 
that seems to correspond to 
it. It would appear to me 
that this form has decided 
specific characters, which 
distinguish it sharply from 
either P. glaucum Link or 
P. crustaceum L. 


PENICILLIUM CAN- 
pipuM Link.— Mycelium 
spreading, floccose, pure 
white slowly changing to 





glaucous, sometimes re- 


b 


maining perfectly white a 
especially on media 1 —= B 
and 2, finally gray to 


avellaneous in the oldest Fic. 8.—A, Aspergillus calyptratus Oudem. 


parts; reverse color a, 6, conidiophores with conidial fructifications, 

vellowish to ochraceous 8° ¢: conidial head with sterigmata and conidial 
. Cc “ 

2 . e chains, X380; d, sterigmata, 750; e¢, conidia, 

or even ferruginous; ; 


X 380. 
medium uncolored. B, Aspergillus nidulans (Eidam): a, conidio- 
Hyphae branched sep- phores with conidial fructifications, X80; }, conidial 
: head with sterigmata and conidial chains, X 380; 


tate. about 34 broad. é cull Stalk 
Conidiophores up to 

250 uw long, 3-4 u broad, septate, hyaline, branched once or twice, 
often not at all, 1-5 conidiiferous cells at the end. Conidiiferous 
cells ninepin form, 9-12 w long, 3-4 u broad. Conidial fructification 
100-150 w long, often longer, loosely brushlike. Conidia smooth, 
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thin-walled, pale blue-green by transmitted light, 2X3 4 in diam- 
eter, varying to globose.—Fig. 9. 


This description does not fit P. candidum perfectly. The spores of the 
form here described are oval and pale blue-green, while those of P. candidum 
are described as globular and white. However, these do vary to globular, 
although not typically. Again, the changing of the mycelium from white 
to gray-green and avellaneous is unlike P. candidum. However, this character 
varied on different media. On no. 3, the gray-green showed more decidedly 

thanontor2. The white followed 
by avellaneous was more decided 
= on no. 2. The color characters 





and also the spores seem to cor- 

respond more closely to the P. 

camemberti described by THom. 

ez) > | << Differences in the other charac- 

b Wi 35 , ters, however, would not at all 

iL hy} favor this name. On the whole it 

i ‘ ‘Nz, has seemed best to call it P. 

ip  — candidum. 

\{ PENICILLIUM HUMICOLUM 4 

d e || 7 1 \|'f Oudem.—OvuDEMANS and 

(| H 4 KONING 29, pl. 26.—This 

Ae \ Mi fungus showed marked differ- 

a | / | ences when grown on different 

és i) 2 A media. On media 1 and 2, 

00 J the mycelium was cream to 

Fic. 9.—Penicillium candidum Link: a, yellowish green, ltorming a 


b, conidial fructifications, X80; c-i, conidial wrinkled. cheesy. superficial 
fructifications with conidiiferous cells, X 380; 


nner crust which becomes dark 
j, conidia, X 380. 


green (atro-virens) over por- 
tions where spores form; mat of limited extent, usually orbicular; 
no zonation, but with a narrow cream colored border; reverse color 
yellow (melleus); no coloration of the medium. When grown on 
medium 3, the mycelium formed no yellowish, wrinkled crust, but 
produced an orbicular, dark green mat, somewhat raised in the 
center and having a narrow white border; reverse color yellowish. 
Hyphae richly and irregularly branched, very irregular in form, 
showing constrictions and enlargements giving a gnarled appear- 
ance, many septa, short cells, contents foamy and vacuolated. 
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Conidiophores erect, little branched, hyaline, septate, up to 130 u 
long, often very short, 3-4 4 broad. Conidial fructification long, 
narrow, compact, 75-120 uw long, 15-20 w broad, branched trichoto- 
mously; primary branches tapering, bent, 8-10 w long; secondary 
branches usually 3, at times 4, flask-form, 5-7 u long. 
long chains, hyaline, globu- 

lar, 2-3 in 
Fig. 10. 


Conidia in 
diameter.- 


This comes very close to 
OUDEMANS’ P. humicolum, 
the breadth of the 
conidiophores and of the spores 


although 


is slightly larger for the fungus d 


here described. However, 
there was considerable variation b 


in these sizes. 
HORMODENDRON CLA- 


DOSPORIOIDES Sacc.- 








SORAUER 41, fig. 7.— Wy / 
Mycelium orbicular, smoky WAP if 
changing to black, slightly 4 [/ 
zoned with fringelike bor- 
der; surface of mat be- \ 
comes botryoidal and much 





wrinkled; reverse color coment 


black; 


colored. 


medium not 
Hyphae much 
septate, 
what gnarled, smoky to 


branched, some- 
brown (umbrinus), 3-5 u 


broad. Conidiophores a 


little branched at the top, septate, 75-100 w long, 


Fic. 10.—Penicillium humicolum Oudem.: 


a, b, conidial fructifications, X80; c, hyphae 


showing foamy, vacuolated condition, 380; d, 
gnarled hyphae; e-/, conidial fructification show- 
ing conidiiferous cells and conidial chains, < 38c 


i, conidia, X 380. 


5-8 w broad. 


Conidial fructification a dense, irregular mass of spores borne in 


chains with yeastlike branching. 


Conidia in branched chains, ends 


blunt or pointed, oval to elongate, 3-56-15 wu in diameter.— 


Fig. 11. 


MONILIA KONINGI Oudem.—OUDEMANS and KONING 29, i. 
21.—Mycelium white and finely floccose, forming a light brown 








BOTANICAL GAZETTE [OCTOBER 
light umbrinus) center which spreads and becomes somewhat 
zonate by varying densities of color, the whole finally becomes 
powdery brown; reverse color brown to ferruginous; no coloration 
of the medium. Hyphae branched, septate, hyaline, 4-5 » broad. 
Conidiophores little differentiated from the mycelium, septate, once 
or twice branched, the last 
branching often being di- 
or trichotomous, each 
division bearing a_ long 
conidiiferous cell. Conidi- 
iferous cells flask-form, 30- 
40 long, often arising 
singly on simple side 
branches. Conidial fructi- 
fication either simple or 
clustered, each flask-shaped 
cell bearing a long chain of 
conidia. Conidia in chains 
up to 30, often connected 
by a neck, terminal conidia 
often larger, globular to 
lemon-form, 6-9 u in diam- 
eter, brown (light um- 





brinus), chains persistent. 


ts Fig. 12. 
ic. 11.—Hormodendron clados porioides si 


Sace.: a, b, hyphae with conidiophores and On the ammonium nitrate 
conidial fructifications, X 180; c, compact conid- media (nos. 1 and 2). this 
fungus developed differently in 
its general appearance. The 
mycelium often formed a cream 


ial fructification, 180; d, branching hyphae, 
<about 300; e, conidiophore and fructification, 
<about 300; f, same, X 380; g, conidia, X 380; 
habit sketch. , 
colored, cheesy, irregular crust 


with a loose network of hyphae 

about the edges. This crust was finely zonate and had radiate grooves about 

the border. Later, spores formed thickly over the surface of the crust, giving 

powdery, brown surface. Abundance of moisture favored this cheesy 
formation. 


STYSANUS STEMONITES (Pers.).—RABENHORST 37, 1’: fig. 337; 
OUDEMANS and KONING 29, pl. 29.—Mvycelium at first white, 
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radiate, hemispherical, soon dark brown (dark umber) in the center, 
finally dusty brown with tufts of coremia, the whole having a nar- 
row white border; reverse color rusty to dark brown; medium 


often changed to creamy, cheesy mass especially on ammonium 
nitrate media (nos. 1 and 2). Hyphae branched, hyaline, septate, 


3.3-4.1 broad. Coremia 
in bushlike tufts 1-5 mm. 
in diameter; single coremia 
1-3 mm. high, made up of 
a slender stalk and an ex- 
panded, cylindrical, brush- 
like head; head made up of 
long hyphae which send 
out short side branches 
each of which bears a 
single basidium or branches 
trichotomously, each divi- 
sion bearing a_basidium- 
like cell. Basidia flask- 
shaped, 5-7 long, each 
bearing a long chain of 
spores. Spores are also 
produced in simple, umbel- 
late clusters which are 
borne on short side 
branches. These clusters 
form especially at the edge 
of the medium. Conidia 
in long chains, oval to 
lemon-shaped, sometimes 
joined by a short neck, 
3.5-4.5X6-8 uw in diameter, 
brown in mass.—Fig. 13. 
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Fic. 12.—Monilia Koningi Oudem a, 
habit sketch; 6, conidial fructification, 80; ¢, 
d, same, X160; e, chain of conidia, X 380; 
conidiiferous cells, 380; g, mature spores, 


22a 


350. 


pale bluish green when single, umber 


Trichoderma nigro-virens, n. sp.—Mycelium orbicular, at first 


white, spreading to form a 


thick, floccose mat, later developing 


successive concentric, dark green (nigro-virens) zones alternating 


with white, green zones preceded by white granular zonation, dark 
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zones finally almost black, sometimes brown to olive green, giving a 


very characteristic and prominent black and white zonation with 


a broad white border; reverse color sulphur yellow to reddish 


brown on agar-ammonium nitrate medium; medium colored yel- 
low. Hyphae richly branched, hyaline, septate, 1.7—2.4 mu broad. 
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Fic. 13.—Stysanus stemonites (Pers.): a, 


tuft of coremia, nat. size; b, tufts of coremia, 
<2.5; c, d, conidial fructifications, X180; e, 
conidiophores with conidiiferous cells and chains 
of conidia, X 380; /, coremium, X80; g, conidia, 
X 380. 


Conidiophores branched, 
branches opposite or 
alternate, two or three 
times forked at the end, 
each end branch bearing 
2 or 3 conidiiferous cells, 
each of which bears a 
conidial head at the tip. 
Conidiiferous cells long, 
tapering, abruptly pointed, 
15-20 w long, 3-4 mu broad. 
Conidial heads irregularly 
globular, 4-8 uw in diameter 
when young, massed to- 
gether with age to form 
black, granular, masses 
roo-500u in diameter 
which form the black 
zones; conidiophores at 
last disappear, leaving only 
a mass of spores, whose 
arrangement often simu- 
lates chains. Conidia oval 
to fusiform, green by trans- 
mitted light, dark green to 


black in mass, 3-5X6-8 w in diameter.—Fig. 14. 


This was the third most abundant fungus found. It occurred in nearly 
all the plates. Its identification was especially difficult because of the rapidity 
with which the conidial heads massed together, making it hard to determine 


the character of the conidiophores. This was especially confusing on account 


of the chainlike arrangement of the spores in the granular masses. The 


black and white zonation was the most conspicuous character in the manner of 


growth. 





In some cultures, the spore masses fused together in the presence 
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of abundance of moisture to form a continuous, inky black, somewhat slimy 
surface. 

TRICHODERMA KONINGII Oudem.—OvuDEMANS and KONING 
29, pl. 31.—Mycelium sparse, loose, spreading indefinitely, at 
first white and floccose, later bluish green and finally dark green 
(atro-virens) or olive green, 
spreading loosely and _ ir- 
regularly over the surface; 
reverse color olive green; . 
no coloration of the Ho \ Ky 
medium. Hyphae richly e\ "5h 
branched, scattered, hya- 





ine, septate, 2.5-3.5 
line eptate —3.¢ 9 h ni 
broad, forming a loose web ; He a® 
scarcely covering the me- ‘(2 Y i We 
dium. Conidiophores Qn SS 
. ee iI 
branched, opposite or alter- ' LS a Cc 
nate, twice or three times 
forked, each branch ending OY 
in 1~3 conidiiferous cells y (I 
each of which bears a co- NNEC TT Q 
nidial head. Conidiiferous d 
e 
> \ { 

cells flask-shaped, 8-10 u J 
long, 3-4 broad. Conidial 
heads globular, without 
slime, 6-10 w in diameter, 

. . . FIG. A. ‘richode ( Lgro-vi mS, N. Sp.: 
easily breaking to pieces. a ee 
ere : a, habit photograph; b, conidiophores, X80; ¢, 
Conidia pale green, trans- conidiophores showing conidial heads, X 180; 
parent, elliptical varying 4-f, conidiophores showing conidiiferous cells, 

: See ; X380; 7, conidiiferous cell, Xabout 750; g, 

to globular, 2.5-3X3-4 u 30 
in diameter.—Fig. 15. 

Verticillium chlamydosporium, n. sp.—Mycelium  orbicular, 
spreading into a thick mat with little zonation, at first white, 


conidia, X 380; #4, germinating conidia. 


later cream, and finally ochroleucous to ochraceous forming a firm 
crust; surface powdery with age; reverse color yellow (flavus) to 
orange; no coloration of the medium. Hyphae branched, septate, 
hyaline, 2-3.3 u broad. Conidiophores upright, branched verticil- 
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lately; end branches 15-30 u long, in whorls of 3 or 4, tapering to 
a knobbed end which bears a single spore. Conidia oval, hyaline, 
2.2-3.5 mw in diameter, easily falling away. Chlamydospore forma- 
tion especially common; chlamydospores multicellular, 4—9-celled, 
with granular contents, thick-walled, globular, 10-25 uw in diameter 
when mature, slightly lobed, botne on short side branches which 
are 15-30 long, very persistent.—Fig. 16. 

This chlamydospore-formation is the most characteristic feature of this 
fungus. The older mycelium becomes a complete mass of these, matted in 
with hyphae, which at last disappear, leaving the chlamydospores as a creamy 
or ochraceous powder. The verticillate, conidial fructification forms more 
abundantly in the young mycelium at the edges of the culture, while later 
only chlamydospores are formed. 


III. Assimilation of free nitrogen 
GENERAL PLAN AND METHOD 


In this part of the investigation an effort was first made to 
get some qualitative indication of nitrogen-fixation in a trial with 
all the fungi which had been isolated from the experimental plat. 
After this, it was planned to carry on further investigation with 
exact analytical methods, using any forms which gave any signs 
of such power. In carrying out this plan five separate investiga- 
tions were made. 

1. Culture solutions of 25 cc. each were prepared in large test 
tubes, which, after sterilization and inoculation by means of spores, 
were allowed to stand in the air protected only by germ-proof 
cotton stoppers. 

2. A similar investigation was carried out, using 150 cc. Erlen- 
meyer flasks instead of test tubes, and using 50 cc. of the nutrient 
solution for each culture. 

3. Cultures of four fungi, which gave the most hopeful indica- 
tion of nitrogen, were prepared in an apparatus for aerating by 
means of air drawn through sodium hydroxide and concentrated 
sulphuric acid. Each culture contained toocc. of the culture 
solution. 


‘ 


4. Cultures similar to those in ‘‘3” were put under bell jars 








yn 
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which allowed entrance of air only through U-tubes containing 


concentrated sulphuric acid. 


5. Cultures of one of these four fungi (Myceliophthora sulphurea) 
were made in Erlenmeyer flasks containing solutions with varying 


quantities of ammonium nitrate, to see whether nitrogen-fixation 


would not be possible when 
growth was started by 
small quantities of com- 
bined nitrogen. These 
cultures, each containing 
50 cc. of the nutrient solu- 
tion, were left exposed to 
the laboratory air, being 
closed only by cotton 
stoppers. 

The media for all these 
cultures were made up by 
the use of ammonia-free 
water, as shown by tests 
with Nessler’s reagent. 
This water, for some cul- 
tures, was prepared by a 
second distillation of dis- 
tilled water, to which had 
been added a small quan- 
tity of sulphuricacid. The 
first part of the distillate 
was always discarded as an 
extra precaution. Some of 


| 9%o a 
p> f 
male /(V@ 
6” / . 
wi/iz ®@ @ 
te tf = ie. 
0 }}\ VE 
/ \ 
N 
6H . 





3. 15.—Trichoderma Koningi Oudem.: a, 
hyphae with conidiophores, X80; b-d, conidio- 
phores with conidiiferous cells and conidial 
80; ¢, conidia, X 380. 


the cultures were made with extra pure, so-called ‘‘conductivity 
water’’ obtained from the chemical laboratory of the University of 


Michigan. 


The chemicals used in all the investigations were strictly C.P. 


Most of them were marked ‘‘ Kahlbaum.”’ 


Furthermore, they were 


all submitted to chemical analysis, which showed all to be nitrogen- 


free except the dextrose, which contained 0.25 mg. of nitrogen 
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per 1.0 gm. of dextrose. As pointed out later, this nitrogen did 
not appear to be in a form which was available to the fungi. 

In every investigation, all the glassware for the cultures was 
cleaned with the greatest care by being placed for 6-24 hours in a 
mixture of potassium dichromate and concentrated sulphuric acid. 

All rubber for connections 


aS : was new and was first boiled 
ro) 2 KS / : a 
\ Ve in a 10 per cent solution of 
oo a /® ro sodium hydroxide until per- 
? . ~~ ° i a 
Lo go *\ , re fectly clean. 
rg Lo 4, a ° P 
7\ a Sterilizations were carried 
| ] . ‘ 
~ | out in an autoclave raised to 
J ~~ 


150° C. at least 20 minutes. 
It was found that tempera- 
tures much above this were 
a likely to cause some de- 
composition of the dextrose, 
giving a brown coloration of 
the medium (DucGaR 32, 
p. 20). 
.o¥a Inoculations were made in 
all cases by introducing, with 
U * ™\ a sterilized platinum loop, a 
Cy S\; =m . small quantity of spores from 
e \aF a pure culture into about 
1occ. of sterilized distilled 
Fic. 16.—Verticillium chlamydosporium, Water in a small test tube. 
n. sp.: @, conidiophores, X80; b, portion of Then from this one or two 
a aan sae os ne i drops were transferred to the 
chlamydospores, X380; f, conidia, 380. sterilized culture flasks by 
means of sterilized pipettes 
held in a corked and germ-protected beaker. That the cultures 
were inoculated with viable spores was shown by controls, in which 
spores from the same source were inoculated into nitrogen- 
containing media. Such controls all showed vigorous and char- 
acteristic growth, with the exception of the first investigation as 
explained hereafter. Furthermore, some growth took place in all 
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the nitrogen-free cultures, and microscopic examination established 
the purity of these growths. 

The fungi tested in this series of investigations include all those 
previously given in the complete list, excepting Mucor stolonifer, 
Penicillium glaucum, P. bicolor, and Trichoderma Koningi. 

In the last four investigations, cultures were submitted to the 
most careful chemical analyses to determine the quantity of nitrogen 
in the culture at the beginning and at the end of the growth period. 
Proper controls were used in each case. 

In all the five investigations above mentioned, the results were 
entirely negative for all the 15 fungi tried, under the conditions of 
the investigations. The highest amount of nitrogen found in any 
culture in a nitrogen-free medium, after the method of analysis had 
been mastered, was 0.46 mg. in a socc. culture. A repetition 
of this culture under essentially the same conditions showed only 
o.11 mg. gain. One other result of 0.31 mg. gain was obtained, 
although the duplicate culture showed a gain of but 0.03 mg. 
Aside from these results mentioned, all the values for the nitrogen 
gain are well within the limits of error of the method. This error 
is somewhere about 0.14 or 0.21 mg. Indeed, it is doubtful if 
results can always be obtained as accurately as this. In the cul- 
tures of investigation V, containing ammonium nitrate, the highest 
nitrogen gain was 0.27 mg. in a 5occ. culture which contained at 
the beginning o.22 mg. fixed nitrogen. 


CHEMICAL ANALYSES 


For the chemical analyses, different modifications of the 
Kjeldahl method were employed. In general, these methods were 
in accordance with the official methods of the Association of 
Official Agricultural Chemists of the United States. For nitrate- 
free media, the Gunning method was used, modified by the use of 
copper sulphate, according to the investigations by H1BBARD (43) 
and in accord with the method used by TERNETZz (19; see HOPPE- 
SEYLER 44). For the analysis of media containing ammonium 


nitrate, the ‘‘Official Gunning modification to include the nitrogen 
of nitrates’ 


’ was used, modified by the use of copper sulphate as in 
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the ‘‘nitrate-free method.”’ The details for these methods were as 
follows: 

t. For the nitrate-free method.—The material to be analyzed 
was first placed in the Kjeldahl flask. This material was either 
in the form of a solid, or in the case of solutions was evaporated 
nearly to dryness as hereafter described. Next, 1o gm. of a mix- 
ture of potassium sulphate and copper sulphate were added to 
the flask. The proportion of these which gave the best results was 
9.2 parts of K,SO, to 0.8 parts of CuSO,. Then 25 cc. of sulphuric 
acid was added, after which gentle heat was applied. This was 
increased gradually to strong heat and this was continued for 
15-30 minutes after clearing. The contents of the Kjeldahl flask 
were now rinsed into a rooo cc. distillation flask and diluted with 
240 cc. ammonia-free water. The whole was made alkaline by 
the addition of 120 cc. of a strong solution of sodium h*droxide 
(40 gm. pure sticks to 120 cc. ammonia-free water’ » small 
pieces of stick zinc (granulated zinc caused too inuch foaming) 
were now added, and then heat was applied until about 250 cc. 
of the distillate had passed over into the standard acid. The 
volume of the standard acid was in most cases 20 cc. 

2. Method in presence of nitrates—The material was added to 
the digestion flask and when this was thoroughly cool, 30 cc. of a 
mixture of concentrated sulphuric acid and salicylic acid were 
added. In most cases these two, previously mixed, were added 
in the proportion of 1 gm. salicylic to 30 cc. sulphuric; but when 
large quantities of nitrate were present, 1 gm. of salicylic was 
used to 25 cc. sulphuric. The flask was now allowed to stand 
5-10 minutes with frequent shakings, and then 5 gm. sodium 
thiosulphate were slowly added and well mixed. Heat was then 
slowly applied for about 5 minutes or until white fumes began to 
appear, after which the whole was cooled for 5-10 minutes. Next, 
ro gm. of a mixture of potassium sulphate and copper sulphate were 
added; gentle heat was applied till all foaming ceased, and lastly, 
strong heat was applied till 15-30 minutes beyond clearing. Distil- 
lation was carried out as in the nitrate-free method. 

The titration method was used throughout for determining the 


quantity of ammonia in the distillate. For very small quantities 
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of ammonia, as in nitrogen-free cultures, the distillate was passed 
into N/2o sulphuric acid, which was then titrated by the use of 
N/2o sodium hydroxide. In some cases with larger nitrogen 
content, N/1o or even N/s solution of the acid was used. 
Ammonia-free water was employed for all the distillations. The 
distilled water of the laboratory was found to contain o. 21 mg. of 
nitrogen in 300 cc. of the water. The ammonia-free water for this 
was prepared by the evaporation of distilled water to one-halfits origi- 
nal volume after the addition of a small piece of sodium hydroxide. 

After the titration, the quantity of nitrogen was calculated as 
follows: 1cc. N/rto sulphuric acid is equivalent to 1 cc. N/1o 
ammonia (NH;); tcc. N/1o amnonia contains 1.404 mg. of 
nitrogen; then the nitrogen present is equal to the number of cc. 
of N/ro acid used times 1.404 mg. 

All chemicals used in the analyses were the purest that could be 
obtain, he sulphuric acid was marked “ Baker and Adamson, 
standard puiie:.”’ At the same time, the purity of the chemicals 
was tested by a blank in which only the chemicals were used. 
This showed the chemicals used in the nitrate-free method to con- 
tain 0.42 mg. of nitrogen, and in the nitrate method 0.56 mg. 
The amount of the proper blank was subtracted in each case from 
the total nitrogen of the determination. The filters used in separat- 
ing the mycelium from each of the cultures were analyzed and found 
to be nitrogen-free. 

The apparatus employed for the digestion consisted of 500 cc. 
Kjeldahl flasks of the oval form, each provided with a straight 
bulb tube, which was inserted in the neck of the flask to prevent 
loss of sulphuric acid. The distillation was carried out in 500 cc. 
round bottom Jena flasks. These were connected with Kjeldahl 
bulbs by means of rubber stoppers, and the bulbs led into glass 
condensers which were placed in an upright position. The distil- 
late was collected in a 500 cc. Erlenmeyer flask. The burettes 
used for the titrations were the most carefully standardized, with 
enamel backs and a blue line for accurate readings. All apparatus 
and utensils were washed with the greatest care after use each time. 
In addition, they were rinsed at least twice with distilled water, 
after which they were either inverted or covered. 
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The standard solutions were standardized in two ways. First, 
by titration of the alkali against standard succinic acid, which was 
prepared by dissolving 5.903 gm. of C.P. salt in 1000 gm. of distilled 
water. Second, these results were confirmed by reference to stand- 
ard hydrochloric acid whose absolute strength had been deter- 
mined by precipitation with silver nitrate and weighing of the silver 
chloride. The sodium hydroxide was found to gain strength by 
standing in glass, so this was checked every few days against the 
standard acid. 

Methyl red (45) was employed as the indicator for titrating the 
distillate. This was found to give a much sharper and more 
accurate end reaction than either cochineal or methyl orange. The 
whole of the distillate was used for titration. The results were 
found much less accurate when only part was used and computation 
made for the whole. In standardizing solutions, phenolphthalein 
was usually used as indicator, although with the strength of acids 
employed, the methyl red was found to be equally accurate. 

Culture solutions were evaporated over a water bath, down to 
about 1o cc., before adding them to the digestion flask. Previous 
to the evaporation, 5 drops of concentrated sulphuric acid were 
added to fix any free nitrogen present. This precaution applied 
especially to the cultures left exposed to laboratory air. In the 
analyses when ammonium nitrate was present, this evaporation 
was found to be especially necessary, since the heat resulting from 
the mixture of the acid and water caused a loss of nitrogen in the 
form of nitric acid or oxides of nitrogen. To avoid this, extra 
precautions were taken. After the evaporation had been carried 
to about to cc. in the usual way, this quantity was transferred to a 
Kjeldahl flask with two or three small rinsings, and then the 
evaporation was carried nearly to dryness in this flask over a water 
bath. It was also found necessary to have the contents of the flask 
perfectly cool before adding the mixture of sulphuric and salicylic 
acids. To accomplish this, the flask was cooled in ice water and 
then held in ice water while adding the mixture of acids. As a 
still further precaution, about 0.5 gm. of salicylic acid was added 
to the material to be analyzed and thoroughly mixed before adding 
the sulphuric-salicylic mixture. In using the ammonium nitrate 
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in the form of the dry salt for the test analyses, it was found neces- 
sary to have the salt thoroughly powdered before adding the 
sulphuric-salicylic mixture. In nearly all cases the analyses were 
carried through in duplicate. 

By both methods of analysis used, a series was carried through 
with some substance of known composition and purity, in order to 
make sure of accurate results from the method. Asparagin was 
used for the nitrate-free method, while ammonium nitrate was 
employed for the method including nitrates. For all small amounts 
of asparagin, a suitably large quantity of the pure salt was carefully 
weighed on an analytical balance and then dissolved in a quantity 
of water measured up in a volumetric flask. For each analysis, 
the desired quantity of this solution was measured off into an 
evaporating dish by use of an accurate burette. The solution was 
then evaporated down to 5-7 cc., and was then poured into the 
Kjeldahl flask, together with two or three small rinsings. The 
following tabulation gives the results of these analyses in compara- 
tive view: 

TABLE IV 
Blank determination gave N 0.42 mg.; calculated per cent of N in asparagin, 


18.70; solution 1, 80 mg. asparagin dissolved in 200 cc. distilled water; solution 2, 
300 mg. asparagin dissolved in 1000 cc. distilled water. 


N obtained | Calculated Difference Variation 
) 


No Material used less blank — (6—a "ae from calc 
mg meg. mg. percentage 
| a b c d e 
1 | 100 mg. dry | ee 17.97 18.70 0.73 17.907 0.73 
2) £6 OT cee acelin 18.70 0.59 18.11 —0.59 
he. apne Reacer er eee te 18.04 18.70 0.66 18.04 —o.66 
£4 Go OD execs 8.98 9.35 0.37 17.96 —0.74 
oe) eee ee ee Se nctine 8.98 9.35 0.37 17.90 —0.74 
ft  _ceeeemere 8.92 9.35 0.43 17.83 —o.87 
TU oe OF eakses 3.79 3.74 0.05 18.90 0.20 
S| 26 ° (s0ce. som s):....; 3.65 3-74 0.09 18.25 —0.45 
9} 15 * (ece. S019)... 2.67 2.80 0.13 17.80 —0.90 
10 15 “ (duplicate of 9).. 2.70 2.80 0.10 18.00 —0.70 
11| 3 “ (rocc.sol. 2).... 0.53 0.56 OG en measseenen es 
0.07 


12 | 3 “ (duplicate of 11) °.49 0.56 


The similar analyses were not run in duplicate except as indi- 
cated. It will be seen that the greatest variation occurs in the case 
of no. 7, where a relatively small quantity of dry salt was used. 
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It seems probable that this is accounted for by the inaccuracy of 
weighing and transferring so small a quantity, an error which 
becomes relatively very great in so small an amount. If we 
eliminate this result, it is quite evident from the table that the 
nitrogen content of asparagin as shown by the analyses is a little 
lower than the calculated amount. The difference is very small 
and without much doubt is attributable to slight impurity of the 
salt. Considering the 50 and 100 mg. analyses only, we see a varia- 
tion in the different analyses, not made at the same time, of only 
0.28 of 1 percent. This seems a good degree of accuracy for such 
determinations. Of course, the per cent of error in quantities as 
small as 3 mg. of the asparagin salt would have little significance. 
Considering the absolute variation of the analyses, including 20 mg. 
and below (not including no. 7), we see only o.1 mg. difference 
between the maximum and minimum variation from calculated 
results. This is true even with slightly impure asparagin. These 
quantities of nitrogen are, it may be observed, larger than those 
dealt with in the nitrogen-free cultures. It would seem safe to 
say then that the limit of error of the method was not far above 
o.1mg. in each determination. After considerable experience 
with determinations under different conditions, it is believed that 
this limit might run as high as 0.3 mg. in a long series of determina- 
tions. 

The weighing up of the mycelium in the cultures was done, as 
were all other quantitative weighings, on an exact Becker analytical 
balance which weighed accurately to o.2mg. The filters were 
first dried in an oven at 100° C. until they showed a constant weight 
(about 6 hours). The culture was then filtered and the filter con- 
taining the mycelium was dried to a constant weight. Glass- 
stoppered weighing bottles were used for all this weighing and 
drying. As previously stated, the filters were found by a special 
analysis to be nitrogen-free. 

Analyses were also made to test the accuracy of the method 
when nitrates were present. First, an analysis was made of 400 mg. 
of dry ammonium nitrate. This was the amount contained in the 
nitrate cultures of the highest concentration. Next, an analysis 
was made of the original culture solution from which all the cul- 
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tures of investigation V were made. This solution contained, in 
addition to the usual culture constituents, 400 mg. of ammonium 
nitrate. From this solution 5occ. were accurately measured 
from a burette and then diluted to 250 cc. in a volumetric flask. 
Then 50 cc. of this solution was taken for analysis. This contained 
80 mg. of ammonium nitrate. The results of these analyses are 
given in table V. 
TABLE V 

Blank by nitrate method, 0.56 mg. N; control with other constituents of the 
medium, but no ammonium nitrate, o.7omg. N; calculated percentage of N in 
ammonium nitrate, 35.04. 


Deviation 


N obtained | Calculated | Difference Parcentase see 














No. Material egg a — N obtained calculated 
percentage 
a b c d e 
1 | 400 mg. dry NH,No;.....| 138.6 | 140.1 eis 34.6 0.4 
2 | 400 mg. (duplicate) .....| 139.2 140.1 0.9 34.8 0.2 





N obtained 
less blank 
and control 





3 80 mg. (so cc. of solu- 
tion) 
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These results seem to show that the method is sufficiently 
accurate for detecting any appreciable gain in nitrogen in the cul- 
tures containing ammonium nitrate. 


INVESTIGATION I 
As previously stated, cultures were made in large test tubes, 


each containing 25 cc. of the culture medium. This medium had 
the following composition: 


Water (ammonia-free).......... ae nesses IOGGLOS CE: 
Rock candy (pure), M/20............. sis. FROF em: 
Monopotassium phosphate, M/too............... 1.361 gm. 
Magnesium sulphate, M/s500.................... 0.241 gm. 
Calctum carbonate, M/1000. 6 205 o.oo ces cece ©. 100 gm. 
For controls, ammonium nitrate was added to the above as follows: 
POMS THATANG fos aie 5 os fetred dei wendemeodas ©. 360 gm. 


The following 11 different species were used for the inoculations: 
Mucor ambiguus, Myceliophthora sulphurea, Coccospora agricola, 











286 BOTANICAL GAZETTE [OCTOBER 


Fusarium (sp. ?), Acrostalagmus cinnabarinus, Pachybasium hamatum, 
Aspergillus calyptratus, Hormodendron cladosporioides, Monilia 
Koningi, Stysanus stemonites, and Trichoderma nigro-virens. Four 
inoculations were made with each fungus, two in N-free cultures 
and two in ammonium nitrate cultures. This gave duplicates 
of all cultures. Growth took place in all of these, except those 
of Stysanus and Hormodendron. One of the duplicates for each of 
these failed to show any germination, and evidence was obtained 
later that the spores were no longer viable. In one or two cases 
there were doubts about the purity of cultures. On these accounts, 
it was decided to make another trial of the whole set. This result 
should be noted, however, that while a visible amount of growth 
took place in all these cultures, the amount was extremely small 
in all N-free cultures, and furthermore, it all took place within two 
or three weeks, after which no growth was to be observed, although 
observations were continued for over three months. 


INVESTIGATION II 

The second investigation was carried out along the same general 
lines as the first, but with several modifications. First, Erlen- 
meyer flasks of about 150 cc. capacity were substituted for the test 
tubes. In each flask was placed socc. of the culture medium 
instead of 25 cc. as before. Second, the culture solution was modi- 
fied, using a higher percentage of phosphate and nearly doubling the 
amount of sugar, which was supplied this time in the form of 
dextrose. The full formula was as follows: 


PERDIDNIR CR WAU << 9.0.05 0 aes 11a oS oe eR eaneee 1000.00 CC. 

NONI es ts reseik aps cists bNtate Cmaa nies RRL 30.00 gm. 
Monopotassium phosphate...................065- 2.00 gm. 
Magnesium swiphate..< 66. 6656 6.0. sce onan 0.20 gm. 
CACM CAINE ox oo ion 05s ease} io oie Spisieie digeace 0.10 gm. 
DIMI CRIENAO nn toil vere ieee Sis aes cote ree eee 0.02 gm. 

For controls: 
ATU MELA GE hives fase gains aie 1sidis aaa bieiaiy Td aces 2.00 gm. 


This was a medium which had been found well adapted to luxuri- 
ance of growth in agar and gelatin cultures. Third, 14 species of 
fungi were used for the inoculations, including all in the complete 
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list except Mucor stolonifer, Penicillium glaucum, P. bicolor, Stysanus 
stemonites, and Trichoderma Koningi. New cultures had been 
made of all of these and it was made certain that the spores were all 
viable and the cultures all pure. Inoculations were again in dupli- 
cate, giving four cultures of each fungus, two in N-free media and 
two in ammonium nitrate media. All the cultures were placed 
in the laboratory, protected from the air only by cotton stoppers. 
Observations were made once a week from January 3 to March 11, 
about 68 days. 

Good growth took place in all the cultures and there were good 
indications that all were pure according to the inoculations. This 
was shown first by the fact that the duplicates in every case were 
very closely similar. Second, each culture showed the peculiar 
culture characters belonging to the species, such as coloring the 
medium pink in the case of Fusarium, or the black mycelium in 
the case of Hormodendron. ‘Third, the four that were afterward 
analyzed were submitted to microscopic examination, which showed 
characteristic spores and fructifications, although spores were only 
meagerly produced in the N-free cultures. The amount of growth 
in the N-free cultures as compared with that in the ammonium 
nitrate cultures, as it appeared to the eye, is shown in fig. 17. 
The mycelium in the former was very loose and flocculent and 
almost wholly submerged. To the eye, it appeared to spread 
through two-thirds of the liquid in some cases, but as will be seen 
in the analytical results, when dried its weight was extremely 
small. It is worthy of note also that this growth all took place 
within the first 2 or 3 weeks, after which it ceased entirely. The 
growth in the ammonium nitrate medium was very abundant. 
The mycelium soon reached the surface, where spores began to 
form abundantly. The growth continued for many weeks and 
finally resulted in a thick felt over the surface and a mass of 
mycelium filling the liquid. 

Five of these cultures which gave signs of the largest growth in 
the N-free solutions were now taken for analytical examinations. 
The mycelium of each was collected on a dried filter and dried to 
a constant weight. The filtrate was evaporated as previously 
described and analyses were made of both mycelium and filtrate. 
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A control was also analyzed to show the amount of nitrogen present. 
The control was treated exactly like the others except that it was 
sterilized immediately after inoculation. 





Fic. 17.—A, Fusarium (sp. 2): a,onammonium nitrate medium; 0, on nitrogen- 
free medium. 

B, Acrostalagmus cinnabarinus: a, on nitrogen-free medium; 6, on ammonium 
nitrate medium. 

C, Verticillium chlamydosporium: a, on ammonium nitrate medium; 38, on 
nitrogen-free medium. 

D, Pachybasium hamatum: a, on nitrogen-free medium; ), on ammonium nitrate 


medium. 
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Table VI shows the results of this set of analyses. The nitrogen 
of a blank determination has been subtracted in each case from the 
total nitrogen obtained. 


TABLE VI 
DEVELOPMENT PERIOD 68 DAYS 











| | | 
Dry wt.of | N of | Nof Total N of pry 
No. Fungus mycelium | mycelium filtrate culture éoaxeal 
mg. mg. | mg mg. aaa 
a b c d é 
t | Control inoculated with 
Myceliophthora ......).. a 0.49 °.49 
2 | Control inoculated with 
Hormodendron.......!.. Meee | 0.42 ©.42 
ee Noa eee _| = EEE 
Av. for control...... a errr creer 0.45 0.45 
3 | Myceliophthora. 6.0 ©.49 0.42 0.91 0.46 
4 | Hormodendron........ ye 0.42 0.28 0.70 0.25 
5 | Hormodendron (dup.).. 9.4 0.07 0.21 0.28 —0.17 
6 | Pachybasium...... 5.0 0.14 0.42 0.56 o.1I 
7 | Pachybasium (dup.). 5.6 0.07 0.42 ©.49 0.04 
8 | Acrostalagmus 8.6 , 0.28 0.14 0.42 —0.03 
9 | Acrostalagmus (dup.). 9.0 0.21 0.28 0.49 0.04 
ro | Fusartum.......... 6.0 0.07 0.35 0.42 —0.03 
11 | Fusarium (dup.)........ 4.2 0.07 0.07 ©.14 —0.31 


From later work, it was believed that the dry weights of myce- 
lium, given in column a of the table above, were a little too large. 
The reason for this seemed to be that the mycelia were not washed 
quite long enough to remove every trace of dextrose. Again, the 
nitrogen fixed, as indicated in column e, was high enough for nos. 
3 and 4 to raise the question whether these two fungi might possibly 
have a little nitrogen-fixing power. To test these points further, 
cultures of these two fungi were run at the same time with later 
investigations, extending from April 17 to June 26. These cultures 
were treated exactly as in the above series, except that the phos- 
phate content was increased to 3.0 gm., and the dextrose content 
to 45.0 gm. in 1000 cc. of the solution. This gave a higher nitrogen 
content for the controls, as well as for the filtrates of the cultures, 
since the glucose was found to contain some nitrogen. In washing 
the mycelia, 200 cc. of water was used instead of 100 cc. as in the 
earlier work. Table VII gives the results of these tests. 
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It is seen from this table that the amount of nitrogen gain in 
this case is well within the limit of error. The slightly higher 
value in the earlier work is believed to be due to less skilful use 
of the analytical methods. In harmony with this idea is the fact 
that Myceliophthora was the first one of the set which was analyzed. 
The results on the duplicate were thrown out altogether as worth- 

TABLE VII 


Dry wt. of N of N of Total N of N fixed 

















, ee mycelium mycelium filtrate | culture | (total 
No. Fungus mg. mg. mg. mg. control) 
a b c d | mg. 

£21 ASONEN cho cates SO Ie Cire eed 0.63 CONGR fake cesers 
03 1) COptSolMOhp) jG ene aale.c eed leeeweseey OS7O” | “OL. fe sc.s.b.0002 

AY OOREEDL 6 28s ons Sk ede cane Po: See ee O66 | ‘6760 [5..2isexc. 
14 | Myceliophthora......... 2.8 0.07 0.7 0:77 o.1II 
15 | Hormodendron......... 3.0 0.14 0.56 | -a.90 0.04 





less, due to a bad frothing in the distillation which evidently 
carried over some of the alkali. This difficulty was relieved by 
exchanging the soocc. distillation flasks for the 1ooocc. size, 
and using only stick zinc instead of granulated, after which no 
further difficulty of this kind was experienced. These results 
therefore give no foundation for nitrogen-fixation in these fungi, 
under the conditions of the investigation. 


INVESTIGATION III 


This investigation proceeded to work further with these same 
fungi, omitting Acrostalagmus, in nitrogen-free media, according 
to'the method employed by TERNETZ (19), PENNINGTON (25), and 
others, using an apparatus for aerating the cultures by air drawn 
through strong potassium hydroxide and concentrated sulphuric 
acid. The apparatus is shown just as it was used in fig. 18. It 
consisted of six 500 cc. Erlenmeyer flasks connected up in sets 
of three in such a way that the air to each set passed over the follow- 
ing series: a U-tube of pumice, saturated with strong NaOH; 
a U-tube containing strong H.SO,; a wash bottle 3 filled with 
sterilized, distilled water; a tube 2 cm. in diameter containing a 
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germ-proof cotton stopper. The tube leading from the last divided 
into three, one entering each culture flask and dipping below the 
liquid. Each tube before entering the culture flask contained a 
bulb 2 cm. in diameter, which was also filled with cotton loosely 
packed. An exit tube passed out of each flask. The three from 





Fic. 18.—Apparatus for investigations IV (A) and III (B) 


each set united into one, and these common tubes from each set 
united to form one tube which was connected to a filter pump. 
By the operation of this pump a slow stream of air was kept bub- 
bling through all the cultures of both sets during the entire culture 
period. By means of clamps this stream was kept quite uniform 
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in all the flasks. Connections were made by means of new rubber 
stoppers and rubber tubing, which had been boiled in a 10 per cent 
solution of NaOH until perfectly clean. In addition, rubber 
stopper connections were sealed with paraffin. There was every 
indication that all the connections were air tight. The medium 
used for these cultures was made up as follows: 


Conductivity water (ammonia-free)............... 1000 .00 CC. 
MD EKUEORE Socio sic tie aie eal Acct icew ale ne wiemineees 45.00 gm. 
Monopotassium phosphate...................... 3.00gm. 
MaonesitMn SUIDNALE sca idse ss as 5. aoe slenieeeen 0.20 gm. 
AS AICI CSORALS 625 wie 5s Sua ha esis Aiwa wo er reerte 0.10 gm. 
SOG EINOMGE Sc osc c snares asain a dele eeweneme 0.02 gm. 


Of this medium 100 cc. was supplied to each flask and then all 
apparatus except the U-tubes was sterilized in the autoclave at 
115°C. Open ends were plugged with cotton during the steriliza- 
tion and then connections were made as quickly as possible after 
removing these. Inoculations were made with the usual precau- 
tions, giving one culture for each of the four forms: Hormodendron, 
Myceliophthora, Fusarium, and Pachybasium. ‘Two controls were 
prepared, one inoculated with Myceliophthora and the other with 
Hormodendron, and both sterilized immediately after inoculation. 
The latter of these controls became contaminated during the culture 
period and is therefore not considered in the analytical results. 
These cultures were allowed to develop from February 24 to May 4. 

A perceptible growth occurred in all except the controls and 
examination, including microscopic, showed the cultures to be 
pure. The growth, while perceptible, was very scant. To the eye 
it appeared a little less than in those of investigation II, which 
stood in laboratory air. At the end of the development period 
previously mentioned, the cultures were disconnected and all 
sterilized in the autoclave. As soon as possible analyses were 
made as before, for mycelium and filtrate separately. The one 
uncontaminated control was also analyzed. The results are shown 
in table VIII. 

From table VIII it is seen that no indication whatever is shown 
of nitrogen-fixation. The values for all the cultures are well within 
the limit of error of the analytical method. 
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In table VIII are also included some analyses of the medium to 
determine whether it took up an appreciable amount of fixed nitro- 
gen by remaining exposed to the air of the laboratory. One culture 
was analyzed immediately after being made up, another after 
being kept during the last development period (70 days) under a 
bell jar, to which air could enter only over a U-tube containing 
concentrated H.SO,. A third was exposed for 70 days to laboratory 
air, which could enter freely through the cotton stopper. The 
analyses of these cultures show clearly that no fixed nitrogen, 
which was detectible by the method of analysis, was taken up 
from the air. 

TABLE VIII 
DEVELOPMENT PERIOD 70 DAYS 








| Drywt.of| Nof | .Nof | Total N of | N fixation 
N — mycelium | mycelium filtrate culture come 
No. ungus mg. | mg. mg. mg. } ¢ 
| | mg. 
a b } c } d e 
| | | | 
Go.) Sarno een OPeMreen ta Pe eeaees ere aes ere 
2 | Myceliophthora......... 3.0 0.07 | 1.26 1.33 0.15 
3 |} Hormodendron......... “Eg 0.07 1.19 1.26 0.08 
4 | Pachybasium...... 2% 0.00 | 1.12 | 1.12 —0.06 
S| Sy oss 5d cic eed s 0.07 | 1.26 | 1.33 0.15 
6 | Medium immediately after} | 
making up..... Se , .| 1.40 
7 | Medium after standing | | 
exposed 70 days.......].......4. uael ory 1.40 
8 | Medium under bell jar 70 | | 
CP ois aloe rnc CE es eGo a news assien Goose 1.50 
| 


Table VIII shows a further point of some interest, viz., that 
the nitrogen which was shown to be present in the dextrose used 
is not available for the fungi, since approximately the same quantity 
is shown in the filtrates in which fungi have been cultivated as in 
the medium itself before inoculation. Furthermore, the spores 
introduced in inoculation do not add an appreciable quantity of 
nitrogen. 

INVESTIGATION IV 


This was carried out with cultures exactly similar to those in 
the previous investigation; but instead of being aerated, they 
were kept under bell jars from which all air was excluded, except 
that entering through a U-tube containing concentrated sulphuric 
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acid (fig. 18). The bell jars were sealed by means of vaseline to 
ground glass plates and water was kept in the pan enough to cover 
the lower edge of the bell jars at all times. These all developed 
some growth, not perceptibly different from the aerated cultures. 
Each fungus developed its specific characters. Analysis was made 
of only one of these cultures, but the dry weight of the mycelium 
was found for all. A control was also analyzed. The develop- 
ment period was the same as for those in investigation IIT (70 
days). A comparison was also made in this investigation between 
the growth in ammonia-free water, prepared by another distilla- 
tion of distilled water acidulated with sulphuric acid, and in the 
“conductivity water’? obtained from the chemical laboratory. 
As seen from the dry weights in the table, no perceptible difference 
could be detected. Very little growth occurred in either. The 
data are given in table IX. 

It is evident, by a glance at table IX, that these cultures showed 
no evidence of nitrogen-fixing power. The dry weights of the last 
four are too small to give any expectation of finding nitrogen by 
analysis. Repeated analyses of such amounts have shown no 
appreciable nitrogen present. Moreover, the one analyzed (no. 1) 
fully confirms this idea. 


INVESTIGATION V 

An attempt was made in this investigation to see whether fungi, 
which were supplied with sufficient combined nitrogen to start a 
good growth, would not under such conditions show a power to 
fix some free nitrogen. This was especially desirable. since the 
results of BERTHELOT (13), PURTEWITSCH (16), and LATHAM (20) 
have shown such decided nitrogen-fixation in such solutions. 

The medium used was exactly the same as that employed in the 
last two investigations, except that varying amounts of ammonium 
nitrate were added. These solutions were made as follows: First, 
Erlenmeyer flasks of 150 cc. capacity were selected and cleaned 
ready for the solutions. Then a solution exactly like that used in 
investigation III was made up, using only half as much water, thus 
giving a solution of double the strength of all the constituents. 
This was called solution A. Then a solution of ammonium nitrate 





a  —— 
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was made in which exactly 16 gm. of the C.P. salt were dissolved 
in ammonium-free water. The salt for this was of course weighed 
out with the greatest accuracy on the analytical balance. The 
solution was then made up to exactly 1000 cc. in a volumetric 
flask, and was called solution B. Cultures were all made in dupli- 
cate. First, 25 cc. from solution A and 25 cc. from solution B 
were drawn off, by the use of an accurate burette, into duplicate 
flasks. This gave 50 cc. cultures, each of which contained exactly 
0.40 gm. of pure ammonium nitrate, or approximately an M/ro 
solution. Then socc. of solution A were accurately drawn off 
into a volumetric flask of 250 cc. capacity. This flask was then 
filled to the mark with ammonia-free water, thus giving a solution 


TABLE IX 


CONTROL, 100 CC., STERILIZED AFTER INOCULATION, 1.32 MG. N 











| Dry wt. of N of N of filtrate | Total N oa 
| : cf mycelium | mycelium | less control (b—c) Gain 
No. | Name of fungus . oo mg. 
| mg. mg. mg. mg 
| a b c r € 
| ———__ _ - - —_ = — —E — me | — — 
I | Myceliophthora | 3.0 0.07 0.08 0.15 0.15 
| 
| 
> | Hormodendron (conduc- 
| tivity water). ....... 1.6 
3 | Fusarium (conductivity 
water) eT 1.2 : 
: a Not analyzed 
4 | Fusarium (non-conduc- ; 
UAVIEY WAULEE) 2... 0. 1.0 
5 | Pachybasium.......... 1.6 


of § the strength of solution B. Two culture solutions were now 
made by accurately drawing off 25 cc. of this diluted solution of 
ammonium nitrate and 25 cc. of solution A into culture flasks. 
This gave an M/50 solution of ammonium nitrate. By the con- 
tinuation of this dilution process, further culture solutions were 
made containing M/250, M/1250, and M/6250 respectively of 
ammonium nitrate, all solutions having the same quantities of the 
other constituents as in investigation III. This may all be seen 
in brief in table X. 

These cultures were sterilized and inoculated in the usual way 
and then ellowed to stand in the laboratory without special pro- 
tection from the air. During the final sterilization, a slight change 
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took place in the M/10 and in the M/s50 media, a change which was 
more marked in the former. The cloudiness due to the undissolved 
calcium carbonate had entirely disappeared and the medium had 
become slightly brownish. This seemed to indicate some chemical 
change by which acid had been formed which dissolved the CaCo,, 
and also a slight decomposition of the dextrose. Later analyses 
indicated that a loss of nitrogen in some form may have accom- 
panied this change. In the other solutions no such change took 
place, indeed the cloudiness increased rather than decreased, due 
no doubt to loss of carbon dioxide during the boiling. This showed 
that the change above mentioned was due to the high concentration 
of the ammonium nitrate. 


TABLE X 
CULTURES IN VARYING QUANTITIES OF AMMONIUM NITRATE AS INDICATED 








| 
Amount in each 








Amount in Calculated 
No Mol. wt. concentration 1000 CC. = nitrogen 
gm. es mg. 
mg. 

POOR Coa ai sas celrisenaes 8.0 400.0 140.19 
PCED Soc ok sce e kee 1.6 80.0 28.04 
BP PAY REO) oc cae ose tiees 0.32 16.0 5.61 
Pig ee ~<a re : 0.064 4:9 1.12 
SOE PORN 2 ko dretston v.01 ° 64 0.22 


.0128 O. 


Two fungi were used for these cultures: Fusarium and Myceli- 
ophthora. Analyses were made of the latter only. The cultures 
were allowed to develop from April 17 to June 5, or 48 days. 
Vigorous and characteristic growth took place in all the cultures of 
both fungi. 

The Fusarium produced the characteristic pink coloration of 
the medium, the degree of color depending on the amount of growth. 
At first the M/250 showed the best growth, but later this was sur- 
passed by the M/so, and finally the best growth was in the M/1o, 
although M/r1o and M/so showed but little difference. As 
previously stated, no analyses were made of this form. 

The growth of Myceliophthora differed in the fact that the best 
growth both at the first and at the end was in the M/250 solution. 
Also the mycelium, at least in the higher concentrations, developed 
a small amount of purple color on the surface of the mat, while the 
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liquid itself was made yellowish brown. In the three higher con- 
centrations a thick botryoidal mat was developed. 

At the end of the growth period, all of the cultures of Myceli- 
ophthora were submitted to analysis to determine the amount of 
nitrogen in the mycelium and in the filtrate. The M/s50 culture 
solution was analyzed for nitrogen content as a check on the purity 
of the ammonium nitrate. The medium without ammonium 
nitrate was also analyzed. The mycelium in each case was ana- 
lyzed by the nitrate-free method, while the nitrate method was 
used for all the filtrates. The results are all incorporated in 
table XI. 

TABLE XI 
DEVELOPMENT PERIOD 48 DAYS 


| 


l 7 
Ninthe | Ninthe | totalN | N supplied 


| may a filtrate less 








| oy bose oe N gain 
No Consececition | mycelium |} m sy medium (12)| (b+c) | as HN,NO; mg. 
} mg. mg. | mg. 
mg 
} a } rg ¢ | d | e J 
2 , 
First series | 
t | Sete... ; oa] Ghee | sig | 130.85 | 136.26 | 140.19 = 3.04 
2|M '50 sees | 148.1 7-51 | 20.08 | 27.59 | 28.04 —0.45 
a | EP ARO. «5 s-<.s 242:6° | 4:65 | 0.90 | “5.62 | -S.Gs 0.01 
4 | M/1250... | 76.5 | 1.40 | —o.14 | 1.26 | 1.12 0.14 
s | M/6260...... 26:6 | 6.70 |-—O.21 0.49 0.22 0.27 
Duplicate series } 
6| M/to..... 98.6 5-19 | 130.71 | 135.90 | 140.19 —4.29 
7\M ‘50. ; 166.6 | 7.58 | 19.66 27.24 | 28.04 —o.80 
8 | M/250... J} 25752 | site | 6.42 5.62 | 5.6% 0.01 
G | ME/1z50.....<..} 76.4 | r.26 | 0.60 1.26 eS 0.14 
10 | M/6250..... 25.4 | °0:44 0.00 0.42 0.22 0,20 


tt | M/socontrol, not inoculated, 27.80 mg. N. 
12 | Medium without NH,NO, (so cc.), 0.70 mg. N. 


It is difficult to find any evidence whatever of nitrogen-fixation 
in these results, even though the combined nitrogen enabled the 
fungus to begin a vigorous growth. The nearest suggestion of 
evidence appears in analyses 4 and 5, where the mycelium seems 
to have gained a slight amount of nitrogen. In the same analyses 
the filtrates show a slight loss. Whether there is significance in 
this or whether it is just a coincidence in the errors of two analyses 
seems hard to say, since the amounts are so small as to give one 
little confidence in their importance. Furthermore, the duplicate 
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analyses show still smaller gains. In any case, these results could 
only show that the fungi under these conditions had been able to 
use a very small amount of the combined nitrogen, which the analyses 
of controls has shown to be present in the dextrose. All preceding 
evidence of this investigation has been against this idea, and we 
are strongly inclined to hold to the idea that these results are due 
to slight variations in the accuracy of the method of analysis. 
Another interesting and perhaps important fact may be seen from 
the last table. The amount of nitrogen present in the mycelium is 
not proportional to the dry weight. This point was suggested earlier 
in the examination of mycelia grown in nitrogen-free media, where 
the hyphae looked somewhat shriveled and starved, as if the proto- 
plasm lacked some necessary constituent. It appears here that 
the mycelium has the power of taking up a higher amount of 
nitrogen than it really needs for the best growth, judging best 
growth by the amount of dry weight, for in the two higher concen- 
trations a larger percentage of nitrogen is shown, even though the 
dry weight is much less than in the M/250 concentration. The 
amount of nitrogen is also proportionally higher for the M/1o than 
for M/s50. This holds for both series of cultures. If we take the 
averages of the two series, the per cents of nitrogen in dry weight 
of mycelium are approximately as follows: M/r1o, 5.5 per cent; 
M/s0, 5 per cent; M/250, 2 per cent; M/1250, 1.8 per cent; 
M/6250, 2 per cent. Or, stated more generally, the fungus will 
assimilate about 2 per cent of its dry weight of nitrogen when this 
is supplied in such quantities that the fungus can use all that is 
present, but when the nitrogen is in excess of what the fungus can 
use, then a larger percentage is assimilated, running as high as 5.5 
per cent. The evidence seems too scanty to make certain whether 
such a generalization would hold in all cases. Why this larger per- 
centage of nitrogen is present in the solutions of higher concen- 
tration does not seem apparent. It may be that the presence of 
nitrogen compounds in excess causes the fungus to use these 
instead of carbon compounds, which are used in greater quantity 
when the nitrogen supply is limited. This investigation can only 


raise this question, and suggest its value as a subject worthy of 
further physiological investigation. 





% 
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The loss of total nitrogen in the M/10 and M/50 cultures has 
been referred to. This may have been due, as already suggested, 
to some chemical action which gave off some compound of nitrogen 
during the sterilization. The dissolving of the calcium carbonate 
and the slight change in the color of the culture solutions suggested 
this, but no positive evidence of such nitrogen loss was obtained. 
Another possible explanation might be that nitrogen in some form 
was given off as a waste product during the metabolism of the 
growing fungus. However, no evidence of such a hypothesis was 
observed. This might raise another interesting question for further 
investigation. 


DISCUSSION OF RESULTS IN RELATION TO NITROGEN-FIXATION 

As a result of this series of investigations, it may be said that 
we find no evidence whatever which seems to justify a belief in the 
power of any of the forms investigated to fix free nitrogen under 
the conditions used. 

The question of why such conflicting results regarding nitrogen- 
fixation by fungi have been reported by different investigators still 
remains. ‘This investigation was not carried on to settle this ques- 
tion, but rather because it was hoped that by investigating a large 
number of forms, and especially those in the soil, some fungi might 
be found which certainly had the nitrogen-fixing power. There 
seems no reason a priori why fungi, as well as bacteria, should not 
have such power, and certainly, reasoning from analogy, there seems 
much reason to expect it. However, we have been wholly disap- 
pointed in this expectation as a result of this series of investigations. 
Furthermore, while it was not designed to work over forms pre- 
viously studied, nevertheless, negative results are given here for 
one form, Hormodendron cladosporiotdes, for which positive results 
have been reported by others. Both FROELICH (11) and PuRIE- 
WITscH (16) found appreciable nitrogen-fixation for this fungus 
on both nitrogen-free and nitrogen-poor media. We have been 
entirely unable to confirm these results. 

It seems difficult to explain the widely conflicting results. It 
may be easy, perhaps, to discard entirely such results as those 
of LATHAM (20), in which, as pointed out by PENNINGTON (25), 
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6 similar 50 cc. cultures, having about the same quantities of com- 
bined nitrogen supplied to them, are reported to fix quantities of 
nitrogen all the way from 44.9 to 193.6mg. This discrepancy is 
even more striking if we use the figures in column 10 of her “table I,” 
which represent total amounts of nitrogen fixed. Here the results 
for the same 6 cultures as those above referred to vary between 
33.3 and 205.1 mg. LATHAM’s explanation that this is due to 
passing beyond the optimum or critical point in the supply of 
combined nitrogen in the culture hardly seems satisfactory, espe- 
cially with the scant evidence at hand on this point. Furthermore, 
the great excess in the nitrogen gain over that reported for fungi 
by any other investigator, great even when compared with bacteria, 
would seem to require creditable confirmation before being finally 
accepted. 

It might also be possible to reject some of the earlier work when 
methods of sterilization, inoculation, and pure cultures were so 
poorly perfected. However, the same cannot be said of the pains- 
taking work of FROELICH (11), TERNETZ (19), and others, where 
accurate methods are reported and analytical data are fully given. 
It must be admitted, at the same time, that the weight of negative 
evidence is increasing, and it seems likely that few if any fungi 
will be found to have nitrogen-fixing power, unless, perhaps, it 
may be in the case of the mycorhiza forms, regarding which more 
evidence is much needed. 

This investigation does not seem to add weight to the explana- 
tions suggested by PENNINGTON of the conflicting results on this 
question, namely, that difficulties with the Kjeldahl method of 
analysis have led to variations in reports, and that differences in 
the strains of fungi used, suggested by THom’s (33) work, might 
have led to different results. As seen from previous data of this 
paper, the method of analysis seems capable of giving a limit of 
error which is far less than the differences in the results of differ- 
ent investigators. Such accuracy, however, could not be depended 
upon except in the hands of a skilled chemist, or at least one who 
had acquired considerable practice with the method. As to the 
second explanation, a good deal more work needs to be added to 
that of THom along the line of modification through different culture 





ye 
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conditions. While this question was only incidental in this investi- 
gation, the experience with these fungi under quite a ‘variety of 
culture conditions makes it hard to think that this can be a satis- 
factory explanation. Variations did, indeed, occur to some extent, 
but in all cases each form retained its distinct species characteristics, 
and showed no signs of nitrogen-fixation under any of the conditions. 

If nitrogen-fixation is finally established for any fungous forms, 
it seems probable that the character of the nutrient material sup- 
plied may be found to be an important factor. It is not felt that 
this investigation supplies sufficient data along this line to permit 
final conclusions. There is also the possibility, as already sug- 
gested, that the nitrogen-fixing power may be found to be con- 
fined wholly to the mycorhiza forms. 


IV. Summary of results 

This series of investigations would seem to justify the following 
generalization of results: 

1. Many species of fungi live habitually in the soil, carrying 
out their life history there, either in whole or in part. A consider- 
able number of these have been found, so far, only in the soil. 

2. These fungi are, at least to quite an extent, uniform in differ- 
ent soils, and, unlike the bacteria, appear to be rather uniformly 
distributed at different depths, at least as low as 14 cm. 

3. Tillage and manuring seem to produce little change in the 
number or kind of these fungi. This conclusion is not regarded as 
final. 

4. These fungi may be cultivated and isolated as pure cultures, 
without interference from bacterial growth, by the use of 20-30 
per cent of gelatin in the culture medium. 

5. None of the forms studied, including at least 14 species, 
shows any power of assimilating free nitrogen when grown in 
nitrogen-free media under the conditions of these investigations. 
Myceliophthora and probably Fusarium show no such power even 
in nitrogen-containing media. 

6. Myceliophthora when growing in nitrogen-containing solu- 
tions assimilates different proportions of nitrogen in different con- 
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centrations of the nitrogen compound. The nitrogen assimilated 
is approximately 2 per cent of the dry weight of the mycelium in 
all concentrations where the fungus is able to use all the nitrogen, 
in this case up to and including M/250. In higher concentration, 
where the nitrogen is in excess of what the fungus can use, the 
amount of nitrogen assimilated increases up to 5.5 per cent in the 
case of the M/1o concentration. Also, the optimum growth as 
indicated by dry weight occurred where the fungus could use all 
the nitrogen, in which case the amount of nitrogen assimilated was 
2 per cent of the dry weight. 

7. The amount of combined nitrogen taken up from the air, 
by cultures standing exposed, does not seem to be sufficient to 
make appreciable difference in their nitrogen content, either in 
nitrogen-free or in nitrogen-containing media. 

8. These fungi do not seem to be able to use nitrogen in all its 
forms, since analysis failed to show that they could use that present 
in the dextrose of the culture medium. 

g. ‘The Kjeldahl method of analysis is capable of a degree of 
accuracy which will reduce the limit of error very near to 0.1 mg. 
for each determination in analyses involving very small quantities of 
nitrogen. In analyses involving larger quantities of nitrogen, the 
error may be reduced to o. 3 of 1 per cent. 

ro. A very perceptible growth of mycelium is possible in practi- 
cally nitrogen-free media, but in such cases the nitrogen content is 
found by analysis to fall within the limit of error of the method. 
Furthermore, the mycelium shows a starved, shriveled condition, 
as if deficient in some necessary element. In these cases, mycelia 
having a dry weight of 3-6 mg. gave amounts of nitrogen within 
the limit of error. Conversely, this may be something of a qualita- 
tive index of nitrogen-fixation, for, when the dry weight of mycelium 
is not more than 6-8 mg., there is little or no probability of nitrogen- 
fixation. 


The writer takes pleasure in expressing his sincere thanks and 
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PHRYMA LEPTOSTACHYA L., A MORPHOLOGICAL 
STUDY 


THEO. HOLM 


(WITH PLATES VIII-x) 


At an early date placed as the sole member of ‘Ordo CXLVI: 
Phrymaceae,”? the monotypic genus Phryma has been regarded, 
nevertheless, as representing a mere tribe of the Verbenaceae by 
BENTHAM and Hooker, and until very recently by all American 
authors. As may be seen from ScHAUER’s excellent description, 
the structure of the fruit (‘‘caryopsideus monospermus’’) and of 
the seed (‘‘exalbuminosum, embryon rectum, radicula supera cet.’’), 
besides the peculiar calyx (‘‘superiore [labiol tripartito laciniis subu- 
latis apice reduncis, inferiore [labio] brevissimo bifido”), these 
characters are much too distinct for admitting the genus among 
Verbenaceae, even as an anomalous genus. For many years the 
family Phrymaceae was thus ignored, until it became reestablished 
by BRIQUET? in a paper dealing with the anatomy of Phrymaceae, 
Stilboideae, Chloanthoideae, etc.; and further, in the treatment by 
this same author in ENGLER and PRANTL’s Natiirliche Pflanzen- 
familien. 

Only one species is known, P. leptostachya L., but a few varieties 
have been described by Briqguet. These are parvifolia (Rafin.) 
Briq., from the Allegheny Mountains, and preserved in the her- 
barium of DELESSERT; inciso-crenata Briq., cultivated in the 
garden of Ventenat; and lanceolata Briq., from Arkansas and 
Pennsylvania. The geographical distribution is quite remarkable, 
the species occurring in Canada (New Brunswick, Ontario), in the 
Atlantic States southward to Florida, and also in the Himalayas 
and in Japan; the variety /anceolata occurs with the type in Japan. 

Notwithstanding the fact that the internal structure, of the 
mature plant only, has been described by BRIQUET, there are still 

* SCHAUER, J. C., in DE CANDOLLE’s Prodromus 112520. 1847. 


? BRIQUET, J. I., Mém. Soc. Phys. et Hist. Nat. Genéve 32: 1894-97. 
Botanical Gazette, vol. 56] 
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some points worthy of consideration drawn from the seedling and 
compared with the mature stage. Moreover, the origin of the 
secondary tissues in the stem deserve attention, besides the general 
structure of the root system. 


The seedling 


In its native haunts seedlings of Phryma are difficult to be found. 
Being a truly sciaphilous plant and developing only a small number 
of seeds in proportion to the size of the plant, Phryma depends on 
dispersing its seeds, or better the fruits, by animals. The long, 
slender teeth of the persistent calyx are hooked at the tip, and are 
likely to adhere to fleece and clothing like a bur. Thus the fruits 
become scattered, and the seedlings are so very much like those of 
other sylvan types with opposite leaves that they may be mistaken 
for entirely different genera, of Labiatae and Compositae, for 
instance, when their cotyledons have dropped. 

Fig. 1 represents the seedling (natural size) of P. leptostachya, 
and it is noticed at once that the cotyledons are hypogeic, and that 
they remain inclosed within the seed, surrounded by the thin 
pericarp. There is only a very short hypocotyl, and the primary 
root (R) is relatively short; a much longer secondary root (r) soon 
develops from beneath the insertion of the cotyledons and between 
them, as may be seen in fig. 2 (7). In the axils of the cotyledons 
buds are already visible at this very young stage (B in fig. 2), but 
they remain dormant during the first season. The aerial shoot of 
the seedling consists of a long, cylindric, glabrous, and erect epicotyl 
(Ep. in fig. 1), and a few short pubescent internodes with leaves of 
approximately the same outline as those of the mature plant. 
Characteristic of the seedling of Phryma, therefore, are the hypogeic 
cotyledons, the long epicotyl, and the early development of a 
secondary root, exceeding the primary in length and thickness. By 
this structure the seedling is easily distinguished from the corre- 
sponding stage of most of the other sylvan types with opposite 
leaves; for in the Compositae, for instance, the cotyledons are epigeic; 
and among the Labiatae, Collinsonia’ is the only North American 


$Compare Medicinal plants of North America. Merck’s Report. New York. 
April 1909. 
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genus known to germinate with hypogeic cotyledons. As for the 
seedlings of the Verbenaceae, the cotyledons are epigeic in the 
genera examined by Luspock! (Verbena, Lippia, Clerodendron, 
Callicar pa, Stachytar pheta, and Rhaphithamnus). 


The subterranean organs of the mature plant 


An examination of the subterranean portion of the mature 
plant (fig. 3) shows that the primary root has faded away com- 
pletely, but is replaced by several strong secondary roots, which are 
brownish, somewhat fleshy in texture, and which traverse the 
ground horizontally, all developed from the lowermost, very short 
internode of the floral shoot. Furthermore, the presence of several 
axillary buds (B) is observed, covered with opposite, scalelike 
leaves; one of these buds is much larger than the others, and from 
this a new floral stem will be produced during the following season. 
The subterranean stem portion of Phryma thus merely represents 
a pseudo-rhizome with a few short, persistent internodes, a few 
over-wintering buds, and a secondary system of roots. Similar to 
the seedling, the aerial shoot of the mature plant commences with 
a long internode preceding a few shorter ones, terminated by the 
long, very slender, loosely flowered spike. There is, therefore, a 
great resemblance between the habit of the seedling and that of the 
mature plant, with the exception of the early disappearance of the 
primary root in the latter. 


The root 


None of the roots, neither the primary root nor any of the 
secondary roots of the seedling or of the mature plant, contain 
fungal hyphae, otherwise not infrequent in plants growing in shady 
localities; and in none of the roots was secondary increase to be 
traced beyond the stele. Root hairs abound, and a distinct exoder- 
mis with the cell walls suberized, and with foldings on the radial 
walls, was observed in the secondary roots, but not in the primary. 
The cortical parenchyma is homogeneous, compact, filled with 
starch in the secondary roots only. The endodermis is thin-walled, 


4 Contribution to our knowledge of seedlings. London. 1892 (p. 367). 
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and the pericambium consists of a single stratum with no indication 
of developing cork or secondary cortex. But inside the pericam- 
bium the stele soon increases in thickness in the usual way, and 
already at the seedling stage. While no pith was observed in the 
primary root, this tissue is well represented in all the secondary 
roots, attains quite a considerable width in mature specimens, and 
contains deposits of starch. 

We have thus in Phryma two very distinct types of roots: 
nutritive roots, represented by the primary root; and a combina- 
tion of contractile and storage roots, as shown by the secondary 
roots with contractile exodermis and starch deposits in cortex 
and pith. 


The aerial stem 


In seedlings and in young, purely vegetative shoots the inter- 
nodes are cylindric, while in mature plants the stem becomes 
obtusely quadrangular and bisulcate to sharply 4-winged between 
the flowers. Furthermore, the internodes, at least in mature speci- 
mens, are more or less nodose, the node appearing some distance 
from the insertion of the leaves; these nodes are generally purplish, 
while the other parts of the stem are greea. Similar nodes occur 
in various other plants, as among Labiatae, Scrophulariaceae, 
Polygonaceae, Acanthaceae, Caryophyllaceae, etc., and they may 
be located either directly at the insertion of the leaves or some dis- 
tance therefrom. According to RUrzou,’ the structure of the nodes 
in these families differs from that of the slender portion by the 
presence of more collenchyma, and of a less developed stereome; 
this author explains the function of these nodes to consist in facili- 
tating the bending of the stem, when such is necessary. In Phryma, 
however, the internal structure is almost identical throughout the 
internode, including the swelling, but the function seems to be the 
same as observed by RUtzovu. 

The stem structure of Phryma in general is very uniform in 
young as well as in mature specimens, in the basal as well as in the 
apical internodes. The cuticle is thin and smooth in the sub- 
terranean stem portions, but becomes gradually thicker and longi- 


’ Bot. Tidsskr. Kjbhvn 12: 248. 1880-1881. 
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tudinally wrinkled in the internodes above. The epidermis is thin- 
walled, and shows two types of hairs, pointed and glandular. The 
pointed hairs consist of a few cells in one row, covered with a 
granular cuticle; while the glandular hairs have a two-celled head 
borne on a single foot-cell, or on a long stalk of several cells in a 
single row; the sessile glandular hairs are especially frequent on the 
basal internodes, while the long-stalked hairs abound in the 
inflorescence. The pointed hairs are frequently curved to almost 
hooked, and occur especially on the upper internodes. Within the 
epidermis are a few (one or two) continuous strata of collenchyma, 
but only in the aerial internodes, not in the subterranean. The 
cortical parenchyma attains its greatest width in the short inter- 
nodes of the pseudo-rhizome, where it consists of about 20 thin- 
walled compact layers; no crystals and no deposits of starch were 
observed in any part of the cortex. 

The endodermis is present throughout the stem, but it is not 
always distinct, since the Casparyan spots are sometimes difficult 
to detect; besides, the individual cells are uniformly thin-walled, 
and of the same shape and lumen as the adjoining cortical paren- 
chyma; moreover, the endodermis does not contain starch. 

Bordering on the inner face of the endodermis is the so-called 
pericycle, relatively poorly developed in Phryma; as a closed sheath 
of stereids this tissue occurs only in the inflorescence, when the 
fruits have matured; in the pseudo-rhizome it is represented merely 
by parenchyma with isolated strands of stereome; while in the 
other internodes it is either uniformly thin-walled or interspersed 
with a few stereids, but with no regularity. 

The herbaceous stem of Phryma does not increase much in 
thickness, and beyond the formation of secondary mestome strands 
no other secondary tissues were observed. The primary mestome 
strands are thus readily visible in all the internodes, and they are 
strictly collateral; there are 6 in the cylindric epicotyl of the seed- 
ling, and they are arranged in two broad groups; in the mature 
plant the mestome strands constitute 4 broad strands, one in each 
angle of the quadrangular stele. These primary strands contain 
leptome, cambium, and short rays of hadrome, in which the young 
vessels, reticulated and scalariform, are much wider than the 
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primordial, spiral and annular. An endoxyle (fig. 7) is quite well 
represented, especially in the subterranean internodes as well as in 
the swollen portion of the upper internodes. Between these pri- 
mary mestome strands in the various stem portions (of seedlings and 
mature individuals) there are several strata of secondary mestome, 
that is, leptome and thick-walled libriform, but with no vessels.° 

It is interesting to trace the origin of these tissues, the leptome 
and the libriform, and it might be stated at once that only the 
leptome develops from the pericycle, and only sometimes. What 
seems to be more important for the development of these secondary 
tissues in Phryma is undoubtedly the peripheral portion of the pri- 
mary parenchymatic or medullary rays, which is still meristematic 
and capable of producing new tissues. Fig. 8 shows a small part 
of the interfascicular tissue, taken from the base of a very young 
lateral inflorescence, and here may be seen the thin-walled, large- 
celled endodermis (End), inside of which are small strands of young 
leptome, some perhaps developed from the pericycle itself, while 
others have developed in the tissue inside, the primary parenchy- 
matic ray. As may be readily seen from this drawing, there is no 
real indication of any definite sheath such as a pericycle of one or 
of several strata. There is, on the other hand, a very distinct 
meristematic tissue in the periphery of the primary parenchymatic 
(medullary) ray giving rise to leptome, sometimes bordering on the 
endodermis, or some distance from it. In other words, this par- 
ticular section (fig. 8) does not show the derivation of the secondary 
leptome from the pericycle alone, but from a meristematic tissue 
within the endodermis, a tissue of several homogeneous strata. 

6 Santo (Bot. Zeit. 1863:101) proposed the term ‘“‘libriform’’: ‘‘einfache (d. h. 
ungetheilte) bastartige Holzfasern oder Holzzellen, fibrae sive cellulae libriformes 
simplices. Um einen kurzen Ausdruck zu gewinnen werde ich dieselben Libriform- 


fasern, und das daraus bestehende Gewebe Libriform nennen.’”’ HABERLANDT 
(Physiol. Pflanzenanat. 1896:138), however, calls attention to the fact that the dis- 
tinction between libriform and stereome depends upon the different location of these 
tissues, and more so than in respect to their structure. SAnro’s “libriform” applies 
to the stereids in the hadrome, and it is customary, therefore, to use this term for 
mechanical cells (stereids) that are developed inside the cambium, and stereome for 
those outside. However, from a physiological point of view, it seems unimportant 
whether such mechanical cells are located inside or outside the cambial zone, hence 
the distinction between libriform and stereome is not well founded except topo- 
graphically. 
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In the internodes of the seedling, this structure, as described 
above, occurs in the apical internode, and with no indication, so 
far, of any development of secondary hadrome inside the leptome. 
To trace this, the origin of the secondary hadrome, we must 
examine the next internode, the one below the apical, shown in 
fig. 9. Here are seen the innermost strata of the cortex (C) and 
the endodermis (End); also, on the left side of the section, a part 
of one of the primary mestome strands (M) has been drawn, con- 
sisting of leptome (LZ) and a short ray of vessels. The broad inter- 
fascicular tissue consists, on the other hand, only of several well 
defined leptomatic strands, and of a tangential cell-division within 
the large, thin-walled parenchyma inside the leptome. There is 
actually no indication of any distinct pericycle in this section either, 
but there is certainly a very pronounced indication of the presence 
of a meristem in the periphery of the primary parenchymatic 
(medullary) ray. The result of these tangential cell-divisions 
within the leptome may be seen in fig. 10, which has been drawn 
from the epicotyl of the seedling. It consists of the development 
of thick-walled libriform in such a way that the innermost tangential 
cell wall becomes lignified, and very rapidly so, while the outermost 
is still meristematic, so as to give rise to another libriform cell in 
the same radius as the first developed. There is no distinct ring 
of cambium, therefore, since the innermost cell wall of each cell, 
which divides tangentially, becomes lignified almost at once, while 
the outermost remains active so as to yield another cell to the 
secondary hadrome, and always in the same radius. 

In comparing the structure of these internodes of the seedling 
with that of an old internode of a mature specimen, which is drawn 
in fig. 15, we notice the continued growth of the interfascicular 
hadrome (H) as many radial layers of thick-walled libriform, while 
the leptomatic strands are about the same, and located in thin- 
walled parenchyma; no pericyclic sheath seems to be differen- 
tiated in this section either. This internode (fig. 15) was from the 
aerial portion of the stem, and examining the structure of the 
pseudo-rhizome, we notice a marked difference (fig. 16) consisting 
in the development of a partly stereomatic pericycle outside the 
primary mestome strands (s in fig. 16). As shown in this figure, 
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there are two thin-walled, parenchymatic strata between the 
endodermis (End) and the leptome (ZL), interspersed with stereids, 
and these two strata evidently represent what various authors have 
interpreted as a heterogeneous pericycle. Still another structure 
of this same pericycle may be observed in the oldest internodes of 
the inflorescence, that is to say, when the fruits have matured; in 
these there is a very distinct sheath of two layers of stereids sur- 
rounding the leptome, hence representing a homogeneous, in this 
case a purely stereomatic, pericycle. 

The stereids inside the endodermis are thus only visible in the 
old, subterranean internodes of the main stem, and in the oldest 
internodes of the inflorescence, when the fruits have matured. 
But in all the other internodes, whether of seedlings or of mature 
plants, there is no pericyclic stereome, and barely any indication of 
a parenchymatic pericycle either. Moreover, the origin of the 
secondary mestome strands in Phryma cannot be attributed to the 
activity of a pericycle, but, as has been demonstrated, these sec- 
ondary strands of leptome and thick-walled libriform arise from 
the meristematic, peripheral strata of the primary parenchymatic 
(medullary) rays. 

Inasmuch as the origin of the secondary mestome strands, or, 
to be more exact, the interfascicular strands, seems to be different 
when we compare a number of dicotyledonous, especially herba- 
ceous, stems, it might be appropriate to present a brief abstract of 
the history of the pericycle. The term ‘‘pericycle” was proposed 
by VAN TreGHEM’ and applied to the parenchyma, of one or 
several layers, which he found in the stem between the endodermis 
and the mestome strands, as well as in the roots between the endo- 
dermis and the outer face of the leptome, and between the endo- 
dermis and the protohadrome vessels. To the activity of the 
pericycle VAN TIrEGHEM ascribed the origin of the interfascicular 
arches of cambium with the subsequent development of secondary 
mestome strands. Moror,’ in describing the pericycle in general, 

7Sur quelques points de l’anatomie des Cucurbitacées. Bull. Soc. Bot. France 
29:280. 1882. 


8 Recherches sur le péricycle ou couche péripherique du cylindre central chez les 
Phanérogames. Ann. Sci. Nat. Bot. VI. 20: 249. 1885. 
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calls attention to the fact that while the pericycle is always present 
in roots (frequently called pericambium), it is not always to be 
found in stems; on the other hand, he agrees with VAN TIEGHEM 
in respect to the function of the pericycle. GERARD? and HERAIL” 
question the assertion of VAN TIEGHEM in respect to the function 
of the pericycle in stems, and describe a number of cases where 
the interfascicular tissues develop independently of the pericycle. 
Moreover, HERatL describes some cases of secondary mestome 
developing in the pith (Melastomaceae and Campanulaceae). 
Finally, HABERLANDT™ makes no use of the term pericycle in stems, 
but only in roots; and in reference to the secondary increase in 
stems, he speaks of a ‘‘cambium ring” being the direct product of 
a ‘“procambium,” and of an interfascicular cambium owing its 
existence to a meristem in the primary parenchymatic (medullary) 
rays. 

In Phryma the presence of stereids is actually the only distinct 
indication of a pericycle, as scattered strands in the pseudo- 
rhizome, or as a closed sheath in parts of the inflorescence. The 
origin of these stereids I have been unable to detect, but it may be 
sought in the outermost layers of the leptome, and rather so than 
in any particular tissue, such as a pericycle for instance, inside the 
endodermis. Therefore, I am most inclined to believe that Phryma 
lacks a pericycle; in any case, the interfascicular tissues appear to 
develop independently of it, especially the libriform. However, 
the term “‘pericyclic” is quite convenient to use when describing 
the stereome strands between the endodermis and the leptome, 
because they are ‘“‘peri”’ “cyclic,” even if we do not always regard 
them as representing a pericycle as defined by VAN TIEGHEM, that 
is, a constant sheath of parenchyma from which the secondary 
tissues arise. It seems also worth while to compare this pericycle 
of stems with the well known pericambium of roots, where it 
represents the peripheral tissue of the stele, and typically so. 

Returning to the stem of Phryma, the central part of the stele 


9 Passage de la racine a la tige. Ann. Sci. Nat. Bot. VI. 1521881. 
© Recherches sur l’anatomie comparée de la tige des Dicotylédones. Ann. Sci. 
Nat. Bot. VII. 221885. 


1 Physiologische Pflanzenanatomie. Leipzig. 1896. 
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is occupied by a broad, thin-walled pith, which is hollow in aerial 
internodes, but solid in the subterranean internodes, where it con- 
tains deposits of starch, but no crystals. As mentioned above, the 
nodes show no other modification of structure than an enlargement 
of the parenchymatic tissues, cortex and pith; partly also of the 
hypodermal collenchyma; furthermore, in these nodes the peri- 
cycle is very incomplete and without stereids; also the development 
of libriform goes on more slowly, so that several strata of cambium 
may be observed between the primary mestome strands. 


The leaf 

As indicated by the varieties described by BriqueEt, the foliage 
of Phryma exhibits several quite distinct forms, some of which may 
be found on the same plant, if we examine the leaf-pairs from the 
basal to the apical internodes of seedlings as well as of adult speci- 
mens. The leaf is described by GRAY” as ‘ovate, acuminate, 
coarsely serrate.” A little more is given by Torrey,” who calls 
them ovate, but distinguishes between the lower ones (“‘abruptly 
narrowed at the base, and furnished with long petioles’’) and the 
upper ones (‘‘nearly or quite sessile’). SCHAUER ‘describes the 
leaves as ‘‘ovato-oblonga, in petiolum longum attenuata, acuminata, 
grosse crenato-serrata”’; and finally, the Himalayan plant is said 
by Hooker” to have ‘“‘ovate or ovate-lanceolate”’ leaves. As may 
be seen from the drawing of the seedling (fig. 1), the shape of the 
lowermost leaf-pair is broadly ovate and abruptly narrowed at the 
base, while the leaves above are elliptic. In fig. 4 I have drawn a 
leaf of a specimen from the mountains of Virginia, and the entire 
foliage of this specimen showed this same outline. Fig. 5 shows a 
leaf of a specimen from Ohio, in which the uppermost three pairs 
showed this outline, while the basal pairs were much broader. 
Finally, fig. 6 shows a leaf of a Japanese specimen, in which all the 
leaves were ovate and with the margin crenulate. Among some 
other specimens examined, I found the upper leaves of a specimen 

% Synoptical flora of North America. Second Edition. 212334. 1886. 


3 Natural history of New York. 1843 (p. 53). 


“4 Flora of British India 4:561. 1885. 
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from Nippon elliptic, while the lower ones were ovate-oblong; all 
the leaves of a specimen from Kansas were lanceolate; while all the 
leaves of a plant from Georgia were ovate. The leaf margin was 
observed to vary to the same extent from crenate to serrate, even 
on the same individual. It is thus somewhat difficult to define the 
typical leaf-form in Phryma; it varies much, but the ovate outline 
may be the fundamental one. 

The internal structure is bifacial, the stomata being confined to 
the dorsal face, and the chlorenchyma being differentiated into a 
ventral palisade tissue and a dorsal pneumatic tissue. On both 
faces of the blade the cuticle is thin and smooth except above and 
below the veins, where it is wrinkled. The epidermis is a little 
thick-walled where it covers the veins, and the cell-lumen is some- 
what wider on the ventral face than on the dorsal (fig. 17). Viewed 
in superficial sections, the lateral cell walls of the epidermis are 
undulate on both faces of the blade, and the stomata lack sub- 
sidiary cells. Short, almost sessile, glandular hairs (figs. 12, 13) 
abound on both faces of the leaf, and, as may be seen from the draw- 
ings, the head is two-celled. Besides these glandular hairs there 
are also, and especially on the ventral face, some long, pointed, 
multicellular hairs (in one row) with cuticular pearls. The chloren- 
chyma consists of a single layer of very short and plump palisade 
cells (P in fig. 17) covering three strata of an open pneumatic 
tissue (P™ in fig. 17): in superficial sections this pneumatic tissue 
shows intercellular spaces of considerable width (fig. 18). 

The mechanical tissues are poorly represented, there being only 
a few hypodermal layers of collenchyma above and below the mid- 
rib and the secondaries, and also the leptome of the midrib is sup- 
ported by an arch of thin-walled stereome (S in fig. 19). A broad, 
thin-walled water-storage tissue surrounds the midrib, but there 
is no endodermis; the lateral veins, on the other hand, are sur- 
rounded by green parenchyma sheaths (fig. 17). All the mestome 
strands are collateral, and the median is the broadest. The 
petiole, when examined just beneath the blade, shows exactly the 
same structure as the midrib, except that it contains two very thin 


mestome strands, one on each side of the median. Finally, it may 
be mentioned that the throat of the corolla of the flower is not 
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naked as stated by SCHAUER, but covered with numerous hairs, 
glandular (fig. 11) as well as pointed (fig. 14). 


Summary 


Phryma represents a sciaphilous type, well marked by the struc- 
ture of the ample leaf blade, with low palisade cells and very open 
pneumatic tissue; also by the poor development of the mechanical 
tissues in the stem as well as in the leaf. The vegetative reproduc- 
tion is confined to the few buds on the short pseudo-rhizome, and 
the roots produce no shoots. For dispersing the seeds the plant 
is well equipped by the hooked teeth of the persistent, reflexed 
calyx. 


BROOKLAND, DIstRICcT OF COLUMBIA 


EXPLANATION OF PLATES VIII-X 


Fic. 1.—Seedling of Phryma leptostachya: the dotted line indicates the 
surface of the soil; Ep, epicotyl; Cot, the achene with inclosed cotyledons; 
H, hypocotyl; R, primary root; r, secondary root; natural size. 

Fic. 2.—Basal portion of same seedling: B, buds in the axils of cotyledons; 
other letters as above; magnified. 

Fic. 3.—The pseudo-rhizome of a mature specimen: S, base of stem; 
B, bud which will produce a floral shoot in the following year; X 2. 

Fic. 4.—Leaf of a specimen from Virginia: two-thirds natural size. 

Fic. 5.—Leaf of a specimen from Ohio: two-thirds natural size. 

Fic. 6.—Leaf of a specimen from Japan: two-thirds natural size. 

Fic. 7.—Cross-section of a subterranean internode showing the endoxyle; 
xX 480. 

Fic. 8.—Cross-section of the basal internode of a lateral inflorescence: 
End, endodermis; L, secondary leptome; 744. 

Fic. 9.—Cross-section of one of the apical internodes of the seedling: 





C, cortex; M, hadrome of a primary mestome strand; P, pith; other letters 
as above; X744. 

Fic. 1o.—Cross-section of the epicotyl of a seedling: Z and H, interfas- 
cicular leptome and libriform; other letters as above; 744. 

Fic. 11.—Glandular hair from the throat of the corolla; 600. 

Fic. 12.—Glandular hairs from the leaf; 600. 
i Fic. 13.—Same; X 600. 
Fic. 14.—Pointed hair from the throat of the corolla; X 600. 

Fic. 15.—Cross-section of an old internode of a mature specimen: L and 
H, interfascicular leptome and libriform; the other letters as above; X 600. 
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Fic. 16.—Cross-section of a subterranean internode of a mature specimen: 
S, stereomatic pericycle; Camb, cambium; other letters as above; 744. 
Fic. 17.—Cross-section of lateral part of leaf blade: Ep, ventral epidermis; 
Ep*, dorsal epidermis; P, palisade tissue; P+, pneumatic tissue; 600. 
Fic. 18.—Pneumatic tissue of leaf, superficial section; X 360. 


Fic. 19.—Cross-section of part of midrib of leaf: S,stereome; L, leptome; 
H, hadrome; X6o00. 
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NUCLEAR DIVISION IN SPIROGYRA CRASSA 
M. L. MERRIMAN 


(WITH PLATES XI AND XII) 


Although the cytology of Spirogyra has been investigated 
probably more than that of any other alga, it still offers a fruitful 
field of inquiry. The varying accounts, beginning with Srras- 
BURGER’S paper in 1882 as to the chromatic or non-chromatic nature 
of the parts of the nucleus and the réle they play in karyokinesis, 
have left many questions open. 

S. crassa was chosen for this investigation on account of the 
large size of the nuclei, spindles of which can be detected with a 
magnifying glass. Specimens were fixed in weaker chromacetic, 
Flemming, and Bouin mixtures. Sections were cut 3-5 # in thick- 
ness. When spindles of the metaphase were sectioned, 3-5 sections 
of one spindle were obtained. The stains used were safranin and 
gentian violet, Heidenhains hematoxylin with iron alum. Extended 
observations upon other species with smaller nuclei, but more easily 
studied in the living cells because of their greater transparency, have 
aided in making the interpretations given in this paper. In order 
to interpret sections of the large nuclei of S. crassa more satisfactor- 
ily, nuclei in different stages of division were also dissected from the 
filaments and from them whole mounts made. This dissection was 
necessary as nuclei in S. crassa are surrounded by a substance 
ramifying in the cell and so rendering them somewhat opaque. 
This condition, as well as that of their being obscured by the close 
winding of the chromatophores, prevented the adequate study of 
their division in the living cells. 

In the living cells and in the mounted specimens three mem- 
branes can be distinguished clearly, one surrounding a central 
dense spherical body, a second surrounding a less dense larger body 
containing the first, and lastly a third which is continuous with the 
suspensors which in turn are continuous with the cord on which 
Boubier (3) has demonstrated the pyrenoids are dependent. These 
319] [Botanical Gazette, vol. 56 
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membranes when not easily seen in the living cells were readily 
demonstrated by the use of methylene blue. 

The initiation of division is marked by the enlargement of the 
nucleus and the gathering of granules in a vertical plane about 
the nucleus in the short axis of the cell. A study of the nucleus 
at this stage reveals great variations in the appearance of the central 
body, the so-called nucleolus, and the surrounding part, nuclear- 
plasm. The periphery of the enveloping partion may consist of a 
fine network, the interstices of which are occupied by coarse or 
fine granules (fig. 5). Or in place of the granules a deeply stained 
but vacuolar material may form the junction of the threads (figs. 
1, 2, 4). This vacuolar-like material seen at the junction of the 
threads is in appearance like that seen in the chromosomes in late 
metaphase and anaphase. It also resembles that seen in Allium, 
for here the material is likewise thickened at the corners, suggesting 
four granules inclosing a vacuole. 

The central body may appear from the staining to be of uniform 
density (figs. 1, 2, 3), or it may be more or less vacuolar (fig. 4). 
In a later stage the central body may appear to disintegrate into 
deeply stained granules, while in the meantime the network becomes 
coarser and accumulations at the interstices of the deeply stained 
material more pronounced. This at times may consist of filamen- 
tous (fig. 3) instead of granular or vacuolar masses, hence tending 
to support GREGOIRE’s view (8) that there is no strict morphological 
distinction between chromatic granules and an achromatic sub- 
stratum, and that in nuclei both an alveolar and reticular structure 
may obtain. These variations are due doubtless, as DicBy (5) 
suggests in Galtonia, to the colloidal nature of the chromatic 
substance. 

As the central body disintegrates (fig. 6), the space about it 
becomes gradually clearer, coincident with the expansion of the 
central mass which now occupies several times the original space. 
The fact that the space previously occupied by the network becomes 
clear, leads to the conclusion that network and nucleolus have 
become centralized in the spherical mass (figs. 7 and 8) now con- 
sisting of granules and filaments of varying dimensions irregu- 


larly disposed. All observers of nuclear division in Spirogyra are 
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practically unanimous in the view that the nucleolus is partly or 
wholly transformed into the substance of the spindle; the dis- 
agreement is as to whether the network furnishes any of that 
substance. The chromatic nature of this network is shown in 
figs. 2 and 3. 

The nuclear membrane still intact shows that as yet none of 
the bodies previously seen in the space has been cast into the cyto- 
plasm, unless in solutes by diffusion. This was confirmed by the 
study of whole mounts (fig. 8). Hence we may conclude that the 
enlargement of the central mass is due to the inclusion of the 
substances of the network, all now showing an increased staining 
capacity. It is possible, as in fig. 6, where short filaments are seen 
distributed throughout the nucleus and superimposed on the cen- 
tral mass, that the latter as it disintegrates only contributes the 
granular material to the spindle. 

With the enlargement of the central mass the evolution of the 
spindle proceeds. The suspensors increase in size, while streams 
of granules appear to penetrate the nuclear membrane and connect 
with the centrally lying mass (fig. 7). These later increase as the 
mass of chromatic material changes its shape from that of a sphere 
(figs. 6-8) to a cylinder (figs. 13-16). Now the streams of gran- 
ules appear to cause the cylinder to swing so as to lie with its long 
axis parallel with the long axis of the cell. In the fully developed 
spindle nothing of a fibrous nature is to be perceived but lines of 
granules staining as the cytoplasm, and so always distinguished 
from the equatorial mass. These lines of granules terminate in 
granular masses not linearly arranged. The masses are later seen 
to envelop the daughter nuclei (figs. 34, 36). 

In sections of late prophase two kinds of material, one staining 
more deeply than the other, can be seen occupying the nuclear space, 
the nuclear membrane still visible. The more deeply stained ma- 
terial is in the form of short filaments (fig. 12) or lumplike masses 
(figs. 13, 15). The chromatic material here with its dumbbell- 
shaped (figs. 13, 19, 20) or somewhat elongated granules often 
resembles that seen in precipitates secured by FISCHER when nuclein 
acid is precipitated with Flemming and chromic acid mixtures 
(7, p. 43). Also they may be reasonably compared with those in 
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fig. 2 ('7, p. 34), secured when 20 per cent albumose is precipitated in 
a concentrated aqueous solution of sublimate. FISCHER has figured 
both of these bodies of unequal staining capacity, precipitated 
from the same substance and appearing as stages in division. The 
fact that they are secured by precipitation might indicate that in 
Spirogyra we have a similar case. The dumbbell-shaped bodies 
seen frequently in the centrally lying mass may be but stages in 
aggregation and not the beginning stages of division. They are 
probably the bodies described by BERGHS (1) and MitzGewitcH 
(12) as the chromosomes, although in the species studied by these 
writers 12 chromosomes were found. As in S. crassa they are 
variable as to number and shape and in all cases far exceed the 
number of chromosomes heretofore ascribed to Spirogyra, there 
seems to be justification for considering them not chromosomes, but 
rather amorphous masses of chromatin material which will serve as 
centers for the absorption of the less dense surrounding material. 

FISCHER (7) found that nuclein acid granules, as they did not 
become corroded by iron alum, could be stained only a light smoke 
gray with aqueous hematoxylin, but when inclosed in deutero- 
albumose solution their aversion to corrosion by alum salt was 
overcome. This suggests that the clue to the difference in the 
staining capacity of the component parts of the central mass may 
be sought in analogous changes in the composition of the colloids. 

Although both kinds of material, ordinarily in the form of a 
spherical mass, nearly fill the nuclear space, in nuclei fixed with 
Bouin’s mixture this was not found as frequently as the condition 
where the nuclear space is filled with irregularly shaped bodies 
undifferentiated as to stain. 

With the elongation of the nucleus, the nuclear membrane first 
dissolves at the longer axis where the protoplasm condenses. The 
mass of material now gradually condenses, changing from spherical 
to cylindrical, the deeply stained material accumulating more along 
the central axis, Here it may be seen to be composed of oblong 


bodies, when filaments are arranged so as to be seen endwise (fig. 
17), or as filaments somewhat intertwined. In all cases an areolar 
space marks off the entire spherical mass from the spindle. The 
darker stained bodies are also distinguished from the others by 
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areolae. These bodies may be considered but as centers of conden- 
sation, where by absorption the finer granular matter is transformed 
to the denser state. The areola around the denser bodies, as well 
as that around the entire mass, may be of no morphological sig- 
nificance, as FISCHER (7) obtained, when staining precipitates of 
deutero-albumose, all stages between a deeply stained central point 
and an areola of perceptible diameter. 

It was not until drawings had been made of the thin sections and 
until the second year of this investigation that it occurred to me 
to make whole mounts of the dissected nuclei. These presented 
so different an appearance from the thin sections as to warrant an 
entirely different interpretation of the stages which show striations 
of granules and longitudinal arrangement of the deeply stained 
bodies. When such nuclei in stages just before and up to the com- 
plete dissolution of the nuclear membrane are examined, a contin- 
uous spireme including both kinds of material can be seen distinctly 
(fig. g). The coils of this spireme are connected by anastomosing 
bridges. The deeply stained bodies, which seemed irregularly 
disposed in the thin sections (figs. 10, 13), in the whole mounts 
appear to lie with the granules in a spireme; a spireme, hence, not 
homogeneous, but consisting of material longitudinally arranged and 
of varying density, representing the pachyneme stage described by 
investigators on other plants. 

This spireme, however, appears to be not greatly dissimilar to 
that seen in Allium in the prophase. In Allium there was more 
regularity in the arrangement of the chromatin masses and linin 
forming the spireme. In Spirogyra (fig. 11) also an apparent 
longitudinal division of the spireme is present. This parallelism 
of the threads has been described by DicBy (5) in Galtonia. In 
Trillium, GREGOIRE (8) has interpreted it as an apparent splitting 
caused by progressive alveolization of the chromosomes; in Allium, 
BONNEVIE (2) has attributed similar appearances as due to the 
chromatin gathering at the peripheral portion of the chromosome, 
forming a spiral coil within; while the writer (10) in Allium 
regarded the apparent split as the result of an aggregation of 
granules forming a quadripartite thread. 

The great similarity of this spireme to that described by other 
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writers is further evidence that in Spirogyra, as in Allium, we have 
here but a stage preparatory to the organization of chromosomes, 
and all bodies seen in preceding stages are but amorphous precipi- 
tates, their great variation being due to the colloidal nature of the 
chromatic substance. But slight pressure on the cover glass of 
these whole mounts appears to destroy the spireme appearances; 
the material then appears, as in sections, to consist of dark bodies 
and fine granules. These dark bodies sometimes appear as oblong 
granules. Examination of many slides and of some where the 
centrally lying material has been slightly displaced by the knife 
(fig. 17) indicates that the bodies appear oblong only because the 
filaments are seen endwise. There is nothing to indicate a definite 
number of these darkly stained bodies which appear to be homologous 
with those termed chromosomes by MitzGEwItcH (12), WISSEL- 
INGH (13), BERGHS (1), and others. Their appearance as lying in 
a spireme in whole mounts and their subsequent behavior in rela- 
tion to the finer granular material show them to be, with the 
other material, but parts of the as yet unorganized chromosomes. 

Returning to the study of the sections, we find a tendency of 
the deeply stained bodies to gather at the equatorial part of the 
cylinder in longitudinal rows (fig. 16). An illustration of this may 
be seen in the first section of a spindle, where both kinds of material 
show this longitudinal arrangement. A second section, cut deeper 
in the same spindle and so taking in less of the chromatic material. 
does not show such a bewildering array of bodies. Here the spireme 
formation can be seen as distinctly as in the case of the whole 
mounts. It is also in this stage that there can be seen a beginning 
of a trend of both kinds of material to the poles. This orientation 
of the chromatic material to the respective poles of the spindle, 
without the intervention of centrospheres, suggests that at this 
period in karyokinesis the chromatin masses may have acquired 
electrical charges, thus bringing about a state of mutual repulsion. 
A sharp split or rift along the equatorial circumference of the spindle 
does not appear, but instead, the interior (figs. 20-22) and then the 
equator (fig. 23) becomes gradually cleared of material. As this 
clearing proceeds, it is coincident with an amalgamation (figs. 23, 
24) of the two kinds of material. Amalgamation when observed in 
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living material appears to be due to the gradual loss of the more 
liquid portion streaming each side. This leaves the interior of the 
cylindrical-shaped spindle clear as amalgamation proceeds. When 
one looks down with low power upon a nucleus in this state, as in 
fig. 22, the mass appears to have separated, though no actual separa- 
tion of the chromatic material has occurred; for use of higher power 
shows all the bodies still united in a spireme, although all the 
material has left the interior. Similar strepsinema stages in the 
whole mounts show that this amalgamated material is also in 
spireme formation (fig. 25), though no differentiation is to be seen 
but the line indicating its double nature. The general shape 
assumed by the spireme in its convolutions is flatter now than at 
the earlier stages. This flattening culminates in the elongation of 
its coils (fig. 26). Asa result of these changes there is but one kind 
of material of intensive staining capacity, pointing to either pole. 
This amalgamation can be compared with that in Allium where the 
parallel threads made of granules fuse to form tubular chromosomes. 
In Spirogyra, as in Allium, the spireme evolves from substances of 
two staining qualities; in both, the amalgamated materials yield 
tubular chromosomes staining intensively with hematoxylin and 
anilin stains. Similar elongation of amalgamated filaments is 
shown by Bercus (1). He did not observe a spireme, and as he 
terms the earlier indefinite deeply stained bodies the chromosomes, 
these amalgamated filaments he terms “ pseudochromosomes.”’ 
As their formation from irregular masses of chromatin by absorp- 
tion and condensation proceeds to an organized spireme behaving 
in its entirety as the spiremes in Allium that segment into chromo- 
somes, it is difficult to see why these amalgamated substances should 
be called ‘‘ pseudochromosomes.” 

These coils of the spireme, now completely on the peripheral 
part of the cylinder, pull apart (figs. 26, 27). A definite transverse 
splitting does not appear, but instead there is a gradual elongation 
and constriction as of viscid masses. At last, attenuation brings 
about a separation of the chromatic strands, not at any definite 
dividing line, but at various points in the spireme. This was con- 
firmed in the study of living, dividing nuclei of a more transparent 
species of Spirogyra. Further evidence that the spireme ruptures 
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at different points is to be found in the fact that chromosomes, as in 
fig. 26, are often stretched across, when most of the material is already 
near the poles. As they separate, the chromosomes are connected 
by an anastomosing network (fig. 30), a beginning of that seen in 
the developed daughter nuclei. Often, if not always, strands are 
left after the assembling of the chromosomes at the poles. These 
chromatic masses persist in the cell after the membranes of the 
daughter nuclei are formed. As they can be traced step by step 
to the chromatic material of the metaphase, they may rightfully 
be termed chromidia and not considered metabolic products 
deposited in the cytoplasm. Their frequent occurrence at this 
stage of division suggests that the casting out of such masses may 
be a normal phenomenon, and that these chromidia are active in 
the secretory or other functions of the cell. 

DERSCHAU (4) observed in the leaf epidermis cells of Berberis 
chromatin protuberances from the nucleus beginning to turn green. 
He considers them chromidial substances laying the foundation of 
the chloroplasts. Lrwitsky also holds that the chromatophores 
develop from chondriosomes, although MEYER (11) considers his 
conclusions unsound, as his investigations led him to believe that 
chromatophores arise only through the division of other chromato- 
phores. FARMER and Dicsy (6) describe in certain varietal and 
hybrid ferns the ejection from nucleus into cytoplasm of chromatic 
droplets during early stages of heterotypic mitosis and also during 
telophase. Future research may likewise connect in Spirogyra 
these chromidia with the origin of chromatophores and pyrenoids. 

As the chromosomes elongate and assemble at the poles, a split 
lengthwise can be seen in each, in some more definitely than in 
others (figs. 28-30). Sections cut obliquely (fig. 27) show the tubu- 
lar or hollow formation of the chromosomes; those cut transversely, 
the ringlike nature resolving later into the four thickened masses 
inclosing a vacuole. The number of these chromosomes could not 
be ascertained definitely, but it seemed to approximate 14, more 
rather than less. This would correspond with that found by 
KARSTEN (Q) in Spirogyra jugalis. 

As the chromosomes near the poles they become V-shaped 
(fig. 33). When condensation has sufficiently proceeded, the ma- 








1913] MERRIMAN—SPIROGY RA 


wn 
~~ 


terial is seen to assemble more at the ends of the double V's, thus 
presenting the appearance of tetrads (fig. 28). The V-shaped 
chromosomes represent but the loops or portion of the loops of 
the original spireme now ruptured. Each V has the characteristic 
line as seen in the original spireme, showing it to consist of parallel 
threads of chromatin. The more deeply stained ends of the loop 
are homologous with the structures described by BERGHS (I) as 
the true chromosomes reappearing from the mass of “pseudo- 
chromosomes,” an interpretation which seems unwarranted when 
their whole history is taken into consideration 

After rupture of the spireme, the chromosomes do not form 
daughter spiremes, but joined by anastomosing bridges of linin 
cohere loosely in a ring or disk (fig. 32, 33). These figures are not 
dissimilar to those of GREGorRE (8) in Trillium, where each of 
anastomosed chromosomes after polar assemblage becomes by 
alveolization an elementary reseau, at once of an alveolar and 
reticular nature. The chromosomes in the ring or disk gradually 
shorten their loops, and approach each other more closely until a con- 
fluence of the chromatic material results in one to several vesicular 
masses (figs. 35, 36) lying within a granular material that formerly 
was at the ends of the spindle and into which the chromatin re- 
treated. These masses are crossed by cavities, spherical or poly- 
hedral. At this time the chromatic masses are surrounded by a 
clear space, around the margin of which the nuclear membrane 
begins to evolve (fig. 37). 


5° 


Summary 


A summary of the results obtained that differ most from others 
published is as follows: 

A spireme originates from material derived from both nucleolus 
and nuclear network. The materials constituting this spireme are 
aggregations varying in appearance, in number, and in staining 
capacities. 

These aggregations are not the chromosomes. They greatly 
exceed in number that published for chromosomes in any species 
of Spirogyra; although a comparative study of plates of other 
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investigators indicates that these are the bodies heretofore desig- 
nated as chromosomes. 

This spireme in the pachyneme stage is composed of deeply 
stained short filaments intermixed with material of a granular 
nature. There is evidence that this granular material was derived 
from the nucleolus, the filamentous from the nuclear network. 

These two materials amalgamate to form one of intensive stain- 
ing capacity. The amalgamated material retains the spireme form. 
This spireme as a whole is spherical, later elongates, becoming 
cylindrical. Cross-sections of the loops reveal their tubular struc- 
ture. 

This spireme does not appear to split either transversely or 
longitudinally, but separates at various points as would a viscid 
mass if pulled in opposite directions. Fourteen or more tubular 
chromosomes for each daughter nucleus result from the elongation 
of the coils of the spireme. These are not to be considered 
‘“pseudochromosomes.”’ 

At this stage and subsequently chromidia are discharged into 
the cytoplasm. It is probable that these chromidia are concerned 
in the development of pyrenoids. 

There is no evidence throughout the karyokinesis of an equa- 
tional division of autonomous bodies. The advantage of this form 
of division over direct divisions appears to lie in the opportunity for 
escape of the chromidia from the nucleus. 

Spirogyra crassa does not in the behavior of its nucleus in 
karyokinesis present a unique case, for the stages can be homolo- 
gized with similar stages in Allium, as typical of the higher plants. 

NORMAL COLLEGE 
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EXPLANATION OF PLATES XI AND XII 


All figures were sketched with an Abbé camera. The nuclei were stained 
with Heidenhain’s hematoxylin and iron alum, or with safranin and gentian 
violet. 

Fics. 1-7.—Sections representing changes in nucleolus and nuclear net- 
work up to the invasion of the spindle fibers; nuclei fixed in Bouin fluids (figs. 
1, 6), in chromacetic (figs. 2, 3, 5, 7), in Flemming (fig. 4); Leitz oc. 4 and 1/12 
oil im. 

Fics. 8, 9.—Nuclei dissected from filaments and mounted without section- 
ing; fixed in chromacetic; Zeiss comp. oc. 12 and Leitz 1/12 oil im. 

Fic. 10.—Section of stage similar to that in fig. 9; same fixing and magni- 
fication. 

Fic. 11.—Whole mount of nucleus at later stage than in fig. 9; only central 
portion drawn to show change in shape of spireme; Leitz oc. 4 and 1/12 oil im. 

Fic. 12.—Section of stage similar to that in fig. 11; fixed in Flemming; 
Zeiss comp. oc. 12 and Leitz obj. 6. 

Fics. 13-16.—Figs. 13 and 16 fixed in chromacetic, figs. 14 and 15 in 
Flemming; Leitz oc. 4 and 1/12 oil im. 

Fic. 17.—Section fixed in chromacetic, in which some filaments are 
dislodged by knife; Zeiss comp. oc. 12 and Leitz obj. 6. 

Fic. 18.—Section cut obliquely; fixed in Flemming; Leitz oc. 4 and obj. 6. 

Fics. 19-24.—Sections fixed in chromacetic (figs. 19, 20, 23, 24) and in 
Flemming (figs. 21, 22); Zeiss oc. 6 and Leitz 1/12 oil im. 
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Fic. 25.—Whole mount of stage similar to that in fig. 24; Zeiss oc. 12 
and Leitz obj. 6. 

Fics. 26-31.—Sections fixed in chromacetic (figs. 26, 27, 31) and in Flem- 
ming (figs. 28, 29, 30); Leitz oc. 4 and 1/12 oil im. 

Fic. 32.—Whole mount, showing somewhat polar views of disks of chromo- 
somes; Zeiss oc. 12 and Leitz obj. 6. 

Fics. 33-37.—Sections fixed in Bouin fluid (fig. 33), in Flemming (fig. 35), 
in chromacetic (figs. 36, 37); also a whole mount (fig. 34); Leitz oc. 4 and 
1/12 oil im. 
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FILICES PURDOMIANAE 
CARL CHRISTENSEN 

(The ferns collected by Mr. WILt1AM PurpDoM in 1910 in Shensi during 

the Arnold Arboretum expedition to northern China have been placed in the 


hands of Dr. CARL CHRISTENSEN of Copenhagen. His report upon them is 
found in the following paper —C. S. SARGENT, Arnold Arboretum.) 


Alphabetical list of species 
The species marked by an asterisk are probably new to the 
province of Shensi. 
1. Adiantum aristatum Christ.—Tai-pei-shan, no. 79. 


to 


. A. erythrochlamys Diels.—Tai-pei-shan, no. 78. 
3. A. pedatum L.—Tai-pei-shan, nos. 71, 80. 

4. Asplenium adianitum nigrum L.—No. 74. 

5. A. Sarelit Hook.—Nos. 73, 76. 

6. A. varians Hook. et Grev.—No. 75. 

. A. trichomanes L.—Tai-pei-shan, no. 77. 

8. *Athyrium acrostichoides (Sw.) Diels —No. 49. 
g. A. Biondii Christ.—Tai-pei-shan, no. 43. 


~I 


10. A. crenatum (Sommerf.) Rupr.—Northern Chili, no. 64. 
11d. A. filix-femina (L.) Roth.—No. 48. 
11b. A. filix-femina (L.) Roth var. multidentatum (D6ll).— 
No. 62. 
12. *A. Henryi (Bak.) Diels.—Tai-pei-shan, no. 42. 
13. “A. mongolicum (Franch.) Diels var. Purdomii, var. nov. 
Nos. 13, 20. 
14. *A. Sargentii, sp. nov.—Tai-pei-shan, no. 10. 
15. A. spinulosum (Maxim.) Milde.—Tai-pei-shan, nos. 57, 
58, 60. 
16. (2) A. subsimile Christ.—No. 50. 
17. Blechnum eburneum Christ.—WILSON no. 4723. 
18. Cheilanthes argentea (Christ) Hook.—WItson no. 4724. 
19. C. lanceolata, sp. nov.—Tai-pei-shan, nos. 24, 25. 


20. Cheilanthes sp.—No. 15. 
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21. Coniogramme fraxinea (Don.) Diels.—No. 82. 

22. Cryptogramma Stelleri (Gmel.) Prantl.—Tai-pei-shan, no. 72. 

23. Cyclophorus pekinensis C. Chr.—No. 91. 

24. C. Sheareri (Bak.) C. Chr.—Tai-pei-shan, no. 97. 

25. C. taeniodes C. Chr.—No. 83. 

—. C. taeniodes var. furcata.—No. 89. 

26. Cystopteris fragilis (L.) Bernh.—No. 47. 

27. *C. moupinensis Franch.—Tai-pei-shan, nos. 14, 63. 

28. * Doryopteris concolor (Langsd. et Fisch.) Kuhn.—No. 16. 

29. Drynaria reducta Christ.—No. 87. 

30. Dryopteris lacera (Thunb.) C. Chr.—No. 68. 

31. * D. Linnaeana C. Chr.—Nos. 35, 45. 

32. *(?) D. marginata (Wall.) Christ.—No. 67. 

33. *D. nipponica (Franch. et Sav.) C. Chr.—Tai-pei-shan, 
no. 38. 

34. * D. oyamensis (Bak.) C. Chr.—Tai-pei-shan, no. 88. 

35. *D. phegopteris (L.) C. Chr.—No. 70; new to China proper. 

36. D. polylepis (Franch. et Sav.) C. Chr.—Tai-pei-shan, 
NOS. 37, 55. 

7. *D. Purdomii, sp. nov.—Tai-pei-shan, no. 44. 

38. * D. sericea, sp. nov.—Tsin-ling, no. 66. 

39. Gymnopteris bipinnata Christ.—Tai-pei-shan, no. 28. 

40. Matteuccia intermedia, sp. nov.—Tai-pei-shan, nos. 1, 8, 
9, 12. 

41. Microlepia Wilfordit Moore.—No. 69. 

42. * Polypodium (Goniophl.) amoenum Wall.—No. 85. 

43. P. (Gon.) subamoenum Clarke var. chinense Christ.— 
Tai-pei-shan, no. 32. 

44. * P. (Pleopeltis) clathratum Clarke.—Tai-pei-shan, no. 96. 

45. P. (Pl.) eilophyllum Diels.—No. go. 

46. P. (Pl.) lineare Thunb.—Tai-pei-shan, no. 93. 

46a. P. (Pl.) lineare var. contortum Christ.—Nos. 92, 94. 

47. P. (Pl.) oligolepidum Bak.—No. 95. 

48. P. (Pl.) shensiense Christ.—No. 84. 

49. Polystichum acanthophyllum (Franch.) Christ.—Nos. 21, 
52 (in part), 54, 56, 34(?). 

50. P. aculeatum (L.) Roth.—No. 61. 


to 
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1. P. Braunii (Spenn.) Fée.—Tai-pei-shan, nos. 40, 51, 59. 
2. P.craspedosorum (Maxim.) Diels var. Giraldii Christ (?). 
No. 52 in part. 

53. * Polystichum gracilipes, sp. nov.—Tai-pei-shan, nos. 17, 31. 

54. P. lachenense (Hook.) Bedd.—Tai-pei-shan, no. 46. 

55. P. moupinense (Franch.) Bedd.—Tai-pei-shan, nos. 36, 39, 
53, 65( ?). 
56. *P. Thomsoni (Hk.) Bedd.—Tai-pei-shan, nos. 22, 3 
57. P. (Cyrtomium) falcatum (L.) Diels var. poly 
Diels( ?).—Tai-pei-shan, nos. 81, 86. 

58. Pleris multifida Lam.—Tai-pei-shan, no. 11. 

59. * Woodsia lanosa Hook. var. attenuata, var. nov.—No. 19. 

60. W. polystichoides Eat.—Tai-pei-shan, nos. 23, 29, 41. 

61. Lycopodium annotinum L.—No. 2. 

62. Selaginella sanguinolenta (L.) Spr.—No. 27. 

63. S. Stauntoniana Spring.—No. 26. 


5 
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(?). 
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Remarks on some species with descriptions of the new forms 


ADIANTUM ARISTATUM Christ, Bot. GAz. 51:356. 1911.— 
A. monochlamys var. latedeltoidea Christ, Nuov. Giorn. Bot. Ital. 
N.S. 4:88. 1897.—Tai-pei-shan, no. 79. 

Curist has later identified his proposed variety with A. Davidi Franch. 
(see Bull. Soc. Bot. France Mém. 1:62), but it differs from that species just 
as the recently described A. aristatum does. 

ADIANTUM ERYTHROCHLAMYS Diels.—Tai-pei-shan, no. 78. 

Probably this is what Curist has named A. monochlamys typus elongatus 
(Nuov. Giorn. Bot. Ital. N.S. 4:88. 1897). It differs from the typical A. 
monochlamys Eat. in the completely entire margins of its pinnae and in its 
very large indusia. 


ATHYRIUM MONGOLICUM (Franch.) Diels var. Purdomii, var. 
nov.—Habitu, magnitudine, rachi sursum complanata, alata 
typo similis, differt: rhizomate vix repente, apice squamis atro- 
brunneis nitidis linearibus longe acuminatis dense onusto; pinnis 
basi aequalibus, i.e., lacinia anteriore vix aucta; laciniis approxi- 
matis fere quadratis apice truncatis leviter crenato vel obtuse 
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dentato; indusiis magnis persistentibus tenuibus, fere omnibus 
reniformibus, nonnulis breviter hippocrepiformibus, nullis rectis. 


Shensi: Tai-pei-shan, PURDOM no. 13 (type); no. 20 is apparently the 
same. 


Athyrium Sargentii, sp. nov.—Rhizomate erecto, squamis latis 
rufo-brunneis vestito. Stipitibus dense fasciculatis pallidis, basi 
nigrescentibus incrassatis, 2-3 cm. longis, nudis. Lamina lanceo- 
lata, 20 cm. circiter longa, medio 6-7 cm. lata, utrinque attenuata, 
tenuiter membranacea, laete viridi, bipinnatifida. Rachi gracili, 
supra sulcata et pilis pluricellularibus mollibus pubescente. Pinnis 
15-20-jugis, sessilibus, recte patentibus, inferioribus reductis et 
reflexis, medialibus maximis, 3-3.5 cm. longis, vix 1 cm. latis, 
oblongis, basi vix auriculatis, ad costas costulasque utrinque sparse 
hirtis, profunde pinnatifidis. Lobis patentibus sinubus acutis 
separatis, integris vel leviter crenatis, apice obtusis vel truncatis. 
Venis 4-jugis, simplicibus, ascendentibus. Soris 3-6 in lobo, 
medialibus; indusiis brevibus (vix 2mm. longis), lineari-ovatis 
vel ovatis, turgidis, pallidis, marginibus integris, persistentibus, 
nullis hippocrepiformibus, nullis reniformibus. 

Shensi: Tai-pei-shan, PuRDoM no. 10. This new species of the group 
of A. acrostichoides (Sw.) Diels stands between A. Giraldii Christ and A. 
mongolicum (Franch.) Diels. It resembles the former, which I have not seen, 
in its basal scales, the inflated bases of the stipes, and in the shape of the 
indusia, but it is much smaller and its segments are not triangular-falcate. 
From A. mongolicum, which it resembles closely in size, cutting, and general 
habit, it differs in its basal scales, the rachis not being winged upward, and 
especially in the totally different indusia. 

Cheilanthes lanceolata, sp. nov.—-Aleurito pleris rhizomate breve 
crasso, apice squamis rigidis lanceolatis brunneis marginibus pallidis 
3-4 mm. longis dense onusto. Stipitibus fasciculatis, ad 10cm. 
longis, teretibus, strictis, fragillimis, atropurpureis, nitidis, squamis 
late-ovatis tenuissimis pallide brunneis deciduis instructis. Lamina 
lanceolata, ad 20 cm. longa, medio 5-6 cm. lata, versus basin paul- 
lulum angustata, tripinnatisecta, pilis squamisque omnino desti- 
tuta, pagina inferiore farina alba subdense obtecta, superiore ut 


rachi glandulosa. Pinnis valde remotis, usque ad 10-jugis, infimis 
saepe abbreviatis, maximis 3-4 cm. longis, deltoideis vel deltoideo- 
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oblongis, sessilibus, obtusis vel acutis. Pinnulis 4—5-jugis, ovatis 
vel oblongis, obtusis, inferioribus late adnatis 1 cm. longis, 5-7 mm. 
latis, superioribus decurrentibus, versus apicem pinnarum con- 
fluentibus, profunde lobatis. Lobis ovatis, obtusis, maximis 

crenatis. Indusiis subcontinuis, leviter fimbriatis vel potius 
erosis, pallide-luteis. 


Shensi: Tai-pei-shan, PURDOM nos. 24 and 25. A most distinct species 
of § ALEURITOPTERIS, characterized by the lanceolate shape of the lamina, 
which is entirely destitute of hairs and scales. In general habit it resembles 
not a little the Mexican C. aurantiaca (Cav.) Moore, although the pinnae are 
somewhat more divided. The stipe and rachis are very fragile. 


CYSTOPTERIS MOUPINENSIS Franch.—Tai-pei-shan, nos. 14 and 


63. 


No doubt specifically different from C. sudetica A. Br.; the indusia are 
eglandulose. 


DRYOPTERIS LACERA (Thunb.) O. Ktze.—No. 68. 





Very typical. A. filix-mas var. Giraldii Christ, Nuov. Giorn. Bot. Ital. 
N.S. 4:94. 1897 is no doubt this species. 


Dryopteris Purdomii, sp. nov.—Lastrea rhizomate (?), stipi- 
tibus ad 1ocm. longis stramineis gracilibus, supra bisulcatis et 
decidue hirtis. Lamina anguste lanceolata, 30-35 cm. longa, 
medio vix 5 cm. lata, utrinque attenuata membranacea, bipinna- 
tifida. Rachi gracili straminea, pilis albis brevibus patentibus 
deciduis sparse pubescente. Pinnis inferioribus 2—3-jugis abbre- 
viatis, 1-2 cm. longis, inter se 7 cm. remotis, medialibus maximis 
3-4cm. longis, basi 1.2-1.4 cm. latis, sessilibus, 3 cm. inter se 
remotis, e basi latiore versus apicem breviter acuminatum sensim 
attenuatis, plerumque curvatim erectis, supra pilis brevibus antrorsis 
praesertim ad costas costulasque setulosis, infra ad costas costu- 





lasque pilis patentibus albidis subdense hispidulis, marginibus 
ciliatis, ad alam 1mm. latam pinnatifidis. Laciniis obliquis, 
triangulari-acutis, marginibus revolutis integris, basali superiore 
parum longiore. Venis indivisis, ca. 5-jugis, obliquis, basalibus 
marginem supra sinum acutum attingentibus. Soris medialibus, 
numerosis, exindusiatis, receptaculo piloso, sporangiis setosis. 
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Shensi: Tai-pei-shan, PurpoM no. 44. Most like a very narrow form of 
D. brunneo-villosa (Wall.) C. Chr., which it resembles in pubescence and in 
its triangular-oblong pinnae; but it is much smaller, and its setose receptacles 
and sporangia mark it clearly. D. rufostraminea (Christ) C. Chr. has similar 
pilose sori, but, according to the description, it is not very much like our plant. 


Dryopteris sericea, sp. nov.—Eudryopteris rhizomate ( ?), stipi- 
tibus strictis, griseis, glabris, ad 10 cm. longis, basi squamis rufis 
tenuibus ovato-acuminatis integris dense onustis. Lamina ovato- 
oblonga, 25 cm. longa, 10-12 cm. lata, versus apicem pinnatifidum 
sensim attenuata, basi rotundata, textura crassa, opaca, in sicci- 
tate supra brunnea infra grisea, ubique pilis articulatis brevissimis 
in aetate omnibus deciduis dense griseo-tomentella, bipinnatifida 
vel potius subbipinnata. Rachi griseo-straminea, superne sulcata, 
in parte inferiore squamis brunneis minutis sparse vestita. Pinnis 
7—-10-jugis, adscendentibus, alternis, inferioribus 4—5-jugis breviter 
petiolatis, superioribus sessilibus, late-oblongis, maximis ad 6 cm. 
longis, 2-2.5 cm. latis, latere posteriore paullulum latiore saepe 
inaequilateralibus, ad apicem breviter acuminatum vel non raro 
obtusum serratum e medio sensim attenuatis. Segmentis secundi 
ordinis basalibus pinnarum inferiorum liberis, basi cordatis et 
utrinque auriculatis auriculis brevibus obtusis, sequentibus iis 
aequalibus, 1.5 cm. longis, 5 mm. latis, basi posteriore decurrenti- 
bus, anteriore auriculatis, marginibus crenatis vel interdum lobatis, 
superioribus ala «mm. lata connectis, omnibus obtusissimis. 
Venis furcatis vel bifurcatis, 6-8-jugis. Soris medialibus; indusiis 
reniformibus, rufis, subglabris, persistentibus. Sporangiis glabris. 

Shensi: North of Sian Fu, Tsin-ling Range, Purpom no. 66. A most 
distinct fern, in its peculiar pubescence unlike all other species of Eudryopteris, 
to which subgenus it no doubt belongs. The whole frond is clothed with very 
short articulated hairs resembling those occurring in the subgenus CTENITIS; 
they are found equally throughout the surfaces and not mainly confined to the 
costae above as in CTENITIS; the costae are, like the veins, scarcely visible 
from the upper side. In venation, especially in the decurrent secondary veins, 
in color, indusium, and basal scales, our species agrees with most species allied 
to D. filix-mas; in general habit it resembles not a little D. cristata. The type 
specimen consists of three fronds, of which two are pubescent as described, 
while the third is absolutely glabrous, but otherwise perfectly similar to the 
two others; it is probably an older leaf with all the hairs fallen. As in several 
other species of the same relationship, the lower 2 or 3 pairs of pinnae are 
sterile. 
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GYMNOPTERIS BIPINNATA Christ in Lecomte, Not. Syst. 1:55. 
1909.—Gymnogramme Delavayi Christ, Nuov. Giorn. Bot. Ital. 
N.S. 4:17. pl. 3. fig. 3 (non BAKER).—Tai-pei-shan, no. 28. 

Matteuccia intermedia, sp. nov.—Species critica inter M. 
struthiopteridem et M. orientalem medium tenens, a priore quae 
habitu magnitudine similis, differt: paleis basalibus nigris, rachibus 
paleaceis, lamina longe stipitatis, versus basin breviter decrescente, 
pinnis lobatis nec profunde pinnatifidis, venis tertiariis circiter 
5-jugis, pinnis fertilibus 6-7 cm. longis, 3-4 mm. latis recurvatis; 
a posteriore, quae venatione, colore, rachi paleacea similis, differt; 
pinnis angustioribus, inferioribus 2—3-jugis abbreviatis. 

A most critical form, intermediate between M. struthiopteris (L.) Tod. 
and M. orientalis (Hook.) Trev. The sterile leaf resembles M. struthiopteris 
in size and in breadth of pinnae; it differs in (1) the long stipe, which is up to 
20 cm. long, o. 5 cm. or more thick, broadly furrowed above, in the lower part 
and especially at base clothed with large (2 cm. long by 0.5 cm. wide), nearly 
black, glossy, and entire scales; (2) the lamina being very shortly attenuate 
downwards, the lower 2 pairs of pinnae only being somewhat abbreviated; 
(3) the rachis, like the costae of the pinnae beneath, clothed with several minute 
blackish scales; (4) the pinnae, which are not very close, linear, 10-12 cm. 
long by 1.5 cm. broad, incised not more than a third of the way down to the 
midrib into broad, obtuse lobes; basal lobes scarcely prolonged, but the lower 
one considerably broader and imbricating the upper side of the rachis, under 
surface pale, glandular with scattered yellowish glands; (5) the venation, the 
tertiary veins being very oblique, about 5 to a side, the lower ones curved 
upward and running to the sinus. M. orientalis has much broader and more 
deeply cut pinnae, the basal ones not at all abbreviated. Fertile leaf with stipe 
and rachis rather scaly beneath with light-brown, crisped scales; stipe 20- 
30 cm. long, lamina 40-50 cm. long, about 10 cm. broad; lower pinnae a little 
shortened, median ones 6-7 cm. long, 3-4 mm. broad, at first erect, later 
recurved from the erect base with hanging tips; costae scaly beneath, the veins 
distinctly seen on the upper side. Indusium apparently wanting. 

As a whole, our new species is perhaps nearest to M. orientalis, resembling 
it in color, the scaly rachis, and especially in the large fertile leaves, but in 
general habit it is much more like M. struthiopteris. It is possible that Stru- 
thiopteris orientalis var. brevis Christ, Bull. Soc. Bot. France, Mém. 1:44, 
from Szechuan and Hupeh, is just our species. Shensi: Tai-pei-shan, PURDOM 
nos. 1, 8, 9, 12.—Recently I have received from Professor BOWER, of Glasgow, 
a very similar exindusiate form from Darjeeling, Sikkim, British Himalaya, 
leg. W. Cave. 


POLYPODIUM CLATHRATUM Clarke in Trans. Linn. Soc. II. 
Bot. 1:559. pl. 82. fig. 1. 1880.—Tai-pei-shan, no. 96. 
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The young sori are perfectly concealed by large, appressed, thin, peltate 
scales, which in the mature sori appear as a lacerated, blackish network between 
the sporangia. This network (clathrate scales) is formed from the thin, 
peltate scales by the outer (surface) cell-walls having been dissolved, while 
the remaining cross-walls become thick and black. 

POLYPODIUM EILOPHYLLUM Diels.—P. Lewisii Christ, Nuov. 
Giorn. Bot. Ital. N.S. 4:97. pl. 1. fig. 1 (non BAKER).—No. go. 

Polystichum gracilipes sp. nov.—Species parva e grege 
P. deltodon (Bak.) Diels rhizomate erecto, squamis angustis fulvis 
sparse vestito. Stipitibus fasciculatis, gracilibus, ad 6 cm. longis, 
vix Imm. crassis, stramineis, versus basin squamis parvis ovato- 
acuminatis breviter fimbriatis onustis, sursum rotundis. Lamina 
lanceolata, simpliciter pinnata, 10-15 cm. longa, vix 2 cm. lata, 
subtus pallide viridi, subcoriacea, rachi tenui, squamis parvis 
ovato-lanceolatis longe acuminatis fimbriatis deciduis praedita. 
Pinnis 20~-25-jugis, approximatis, brevissime petiolulatis, quad- 
rangularibus, 8-1omm. longis, 4-5 mm. latis, basi posteriore 
cuneata anteriore auriculata, marginibus dentatis, dentibus cus- 
pidatis; pinnis inferioribus parum abbreviatis; pagina inferiore 
squamis minutis sparse obtecta. Soris inter costam et marginem 
medium tenentibus vel saepe costae magis approximatis; indusiis 
magnis, persistentibus, glabris, subintegris. 

Shensi: Tai-pei-shan, PuRDOoM nos. 17 and 31. Closely related to P. 
lanceolatum (Bak.) Diels, from which it differs in its longer stipe, scaly rachis, 
auricled upper base of the pinnae, and large, persistent sori. Both edges of 
the pinnae bear about 5 cuspidate teeth each. 

WoopsIA LANOSA Hook. var. attenuata, var. nov.—A typo 
differt: lamina versus basin sensim attenuatis; pinnis inferioribus 
minutis; stipitibus vix 2 cm. longa, lamina 5-6 cm. longa, 1 cm. 
lata; pinnis oblongis nec ovatis. 

Shensi: Tai-pei-shan, PuRDOM no. 19. Perhaps a new species. The 
whole frond is very densely covered with long grayish hairs, those of the 
rachis and costae beneath intermixed with some very thin, narrow, hyaline 
scales. The rather thick and short rhizome is densely clothed with broad, 


red scales. 
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BRIEFER ARTICLES 


IMBEDDING AND WARMING STAND 
(WITH TWO FIGURES) 


The warming and imbedding stands for paraffin work used in labora- 
tories are unsatisfactory. Commonly a plate of copper or other metal 
supported on legs is employed, and by some the apparatus devised by 
Dr. FERGUSON is used. The apparatus here described was devised 
five years ago, and it is at the suggestion of various botanists that this 
description is published. The apparatus is a modification of a familiar 
temperature stage for microscopes. 
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Fic. 1.—Side view of apparatus: A, water intake; B, water outlet; C, opening 
for thermometer. 


The imbedding or warming stages commonly employed are unsatis- 
factory for the following reasons: (1) temperature cannot be controlled; 
(2) the imbedding trays cannot be removed quickly for cooling for fear 
of disturbing the orientation of the imbedded materials (and rapid 
cooling is essential for best results). The apparatus here described 
does not possess these objectionable features and permits of rapid work. 

The apparatus consists of a copper box constructed on the principle 
of a water jacket of a condenser. The dimensions of the one employed 
here are length 20 cm., width 14cm., and depth 2.8cm. The box is 
provided with an inlet for water on the bottom (figs. 1 and 2, A), and an 
outlet for water on the upper side (figs. 1 and 2, B). There is also pro- 
vided on the upper side an opening into which is fitted a stopper with a 
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thermometer (figs. 1 and 2,C). The box is provided with a specially 
constructed stand, though if desired this may be replaced by a simple 
tripod stand. Greater stability is secured, however, by having a stand 
made especially for the copper box. 

In constructing the water box it is desirable to have the top of the 
box made of slightly heavier sheet copper than the bottom, 14 oz. 
copper for the bottom and 16 oz. copper for the top being satisfactory. 
By observing this precaution, all bulging due to water expansion or 
water pressure will manifest itself on the lower side, and a plane surface 
is maintained on the upper side, which of course is essential for good 
imbedding. 
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Fic. 2.—Top view of apparatus 


In using the apparatus the box is first filled with water and the water 
supply then shut off. The box is heated by a Bunsen flame, and when 
the desired temperature is attained, as indicated by the thermometer, 
the flame may be removed. A constant temperature may also be main- 
tained by continuous heating and then regulating the flow of water; 
this latter being the better method. 

After the material has been oriented, it is rapidly cooled by replacing 
the warm water with a stream of cold water. If paper trays have been 
used for imbedding, they may be sufficiently cooled for removal and 


immersion in water in 30 seconds. For bringing the stand to the proper 
temperature the same time is required. The top of the box should of 
course be kept free of paraffin.—L. Knupson, Cornell University, Ithaca, 
New York. 






































CURRENT LITERATURE 


BOOK REVIEWS 
Oxidations and reductions 


DAKIN’s monograph! on oxidations and reductions in the animal body is 
of interest to the plant as well as animal physiologist. Chap. i includes an 
introduction and discussion of the nature of oxidizing and reducing agents in 
the body as well as the methods of investigation. Chap. ii deals with the 
oxidation of saturated fatty acids, unsaturated acids, fatty acids with branched 
chains, and dibasic acids. Chap. iii discusses the oxidations of a amino, 
a hydroxy, and a ketonic acids, the oxidation of phenylalanine, tyrosin, tryp- 
tophane, and related substances, and the oxidation and reduction of amino 
acids by microorganisms. Chap. iv treats of the oxidation of carbohydrates; 
chap. v of the oxidation of purin derivatives; and chap. vi of the oxidation of 
hydrocarbons, phenols, aldehydes, amines, and indol derivatives. The volume 
also includes a bibliography of 21 pages and a full index. 

A quotation from the preface gives the point of view of the work: “The 
statement that fats and sugars are oxidized in the body to carbon dioxide and 
water, while proteins yield urea in addition, are no longer considered all- 
sufficient explanations of the chemical réle of these in animal economy. The 
study of chemical structure is rapidly changing the whole aspect of biological 
science, and we may confidently look forward to the time when the orderly 
succession of chemical reactions constituting the activities of the living cell 
will be resolved into their individual phases.”” The author does not enter into 
“the purely biological aspects of the subject, and also the thermodynamics 
of the problem of oxidations and reductions have been necessarily omitted as 
outside the scope of the work. References to many enzymes, oxygenases, 
peroxidases, etc., which, so far as is known, are without action upon the prin- 
cipal groups of substances which furnish energy to the organism, have also 
been omitted.” 

In discussing the nature of the oxidizing and reducing agents of the animal 
body, he treats as improbable the SCHONBERN theory of “activation of oxygen 
in its polymerization,”’ the CLAusius and VAN’t Horr view of the separation 
of the oxygen into its atoms or ions, and the Hoppe-SEYLER conception of the 
resolution of the oxygen by nascent hydrogen or other reducing agents. He 
accepts as very probable the Moritz TRAUBE peroxide theory of oxidation. 


tDAKIN, H. D., Oxidations and reductions in the animal body. pp. viii+135. 
New York: Longmans, Green & Co. 1912. One of the monographs on biochemistry. 
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The main evidence for the theory is the likeness between the oxidations pro- 
duced in the animal body and those produced in vitro by hydrogen peroxide. 
It is held that hydrogen peroxide cannot be the effective peroxide in the 
organism because of the general presence of catalase in active tissues. Organic 
peroxides are probably the effective agents. The following are listed as 
peroxide-forming substances: elementary metals and non-metals (hydrogen, 
phosphorus, zinc, etc.), hydrocarbons, terpenes, alcohols, aldehydes, acids, 
carbohydrates, ethers, phenols, and aromatic bases and alkaloids. 

The following are a few of the reactions mentioned that show the resem- 
blance between the oxidations in the animal body and those carried on in vitro 
by hydrogen peroxide. The normal fatty acids in the body undergo oxidations 
in the B position, butyric acid yielding acetoacetic acid. Hydrogen peroxide 
alone of all the various chemical oxidizing agents brings about precisely the 
same reaction. 


CH,CH.CH,COOH — CH,COCH,COOH 


butyric acid acetoacetic acid 


Glucose may be oxidized to glucoronic acid in the body, while hydrogen 
peroxide is the only reagent capable of effecting this change outside the body. 
Benzene is oxidized in the body to phenol, catechol, and quinol, and precisely 
the same reaction is brought about by hydrogen peroxide, but by scarcely any 
other reagent. Among the dibasic acids, oxalic acid is oxidized readily by 
most laboratory reagents, but malonic, succinic, and glutaric less readily. In 
the body oxalic acid is oxidized with great difficulty, but the other three men- 
tioned above very easily. The salts of these dibasic acids act similarly toward 
hydrogen peroxide. The saturated and unsaturated fatty acids are about 
equally readily oxidized in the body and by hydrogen peroxide. To most 
laboratory reagents the saturated acids are far more resistant than the unsatu- 
rated. It seems probable from this that botanists? are wrong in assuming the 
greater ease of oxidation of unsaturated acids in the plant. 

We need not enter into our knowledge of the details in the course of the 
complete oxidation of any of the various substances yielding energy. It will 
suffice to say that many steps are not yet known and others are in dispute, 
but it is evident that the course of oxidation of any one substance varies con- 
siderably with the conditions. The following quotation emphasizes a point 
commonly stated by botanists: ‘‘The specific character of animal oxidations 
is most remarkable, especially when phenomena such as those presented by 
diabetes and alcaptonuria are concerned. In these conditions oxidations of a 
single readily oxidizable product of metabolism (glucose and homogentisic 
acid) may be completely restrained without in the least impairing the capacity 
of the body for effecting the oxidation of other substances. —WILLIAM CROCKER. 


? Bot. GAZ. 542543-545. 1912. 
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Britton and Brown’s Illustrated flora 

This well known work, issued in 1896, has reached a second edition.s 
About 300 pages have been added to the text, and the number of species 
has been increased from 4162 to 4666. Every species is illustrated, and one 
sees at a glance that the illustrations have been made more effective. This 
appeal to the eye in distinguishing species is a great contribution to students 
of the flora represented. It is not merely a service to amateurs, but the pro- 
fessional botanist who is not a taxonomist, but who must know his material, 
finds his labor of determination vastly lightened. Even for the professional 
taxonomist, the admirable drawings clear up the vagueness that belongs to 
many descriptions. In preparing the new edition, good service has been done 
also in testing out the numerous ‘“‘new species” that have been described 
since the first edition. The enthusiasm for new species has been recognized, 
and the sober second thought has been applied. Some have been relegated 
to synonymy; others have been noted for further study; and of course some 
have been accepted. 

The area included is probably well known, but a statement of it may be 
helpful. It extends from the Atlantic Ocean westward to the 102d Meridian, 
so as to include the whole of Kansas; and northward from the parallel of the 
southern boundary of Virginia and Kentucky to the northern limits of Labra- 
dor and Manitoba. The western limit is crossed only to include the whole of 
Nebraska. 

The nomenclature follows the code recommended by a commission of the 
Botanical Club of the American Association in 1907, and therefore is somewhat 
at variance with the Vienna Code of 1905. A unique and extremely valuable 
feature of the work is the citation of the type species of each genus. So far as 
the reviewer knows, this has never been done on so extensive a.scale, and it 
must have meant an enormous amount of labor. 

The authors are to be congratulated upon this fresh and very helpful con 
tribution to the botanists of the country. Probably not all can own these 
three large volumes who can own a manual, but they should be so distributed 
in libraries as to be accessible to all who wish to name plants within the area 
included.—J. M. C. 

A plant chemistry 


Plant physiologists will welcome the appearance of Haas and HILt’s! 
treatise on the chemistry of plant products. Section I (49 pp.) is devoted to 


3 Britton, N. L., and Brown, A., An illustrated flora of the Northern United 
States, Canada, and the British Possessions. Second edition, revised and enlarged. 
In three volumes: Vol. I (Ophioglossaceae to Polygonaceae), pp. xxi+680; Vol. II, 
(Amaranthaceae to Loganiaceae), pp. iv+735; Vol. III (Gentianaceae to Compositae), 
pp. 637. New York: Charles Scribner’s Sons. 1913. 

4 Haas, Paut, and Hitt, T. G. An introduction to the chemistry of plant prod- 
ucts. 8vo. pp. 401. London: Longmans, Green & Co. 1913. 
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fats, oils, waxes, and phosphatides; II (116 pp.) to carbohydrates; III (23 pp.) 
to glucosides; IV (41 pp.) to tannins; V (30 pp.) to pigments; VI (19 pp.) to 
nitrogen bases; VII (17 pp.) to colloids; VIII (42 pp.) to proteins; and IX (68 
pp.) to enzymes. The book is especially written for plant physiologists, and 
apparently gives the several subjects their proper proportional consideration 
as demanded by the aim. It is a very simple, direct statement of the cardinal 
facts of the subject, giving the main methods, chemical and microchemical, 
used in the field. The avoidance of a technical form of presentation makes 
the work usable by those of slight chemical training. In discussing chlorophyll, 
the authors make the barest mention of the older work on the subject, done, 
as they say, in the main with impure products. The discussion is based on the 
late work of WILLSTATTER and his students, and of Tswettr. This gives in 
the simplest and most direct way the picture of our present knowledge of chloro- 
phyll. The treatment of chlorophyll is typical of the method of the book and 
shows one of its great virtues. No mention is made of the important work of 
IwANOW on metabolism of fats, but this could hardly be expected, since the 
book deals with little literature of a later date than 1910. The treatise is one 
that every plant physiologist and probably every botanist dealing at all with 
the physiology of plants will want on his desk.—WILLIAM CROCKER. 


MINOR NOTICES 


Nigerian plants.—The British Museum has publisheds a catalogue of the 
plants of the Oban District of South Nigeria collected by Mr. and Mrs. P. 
AMAuRY TALBOT during 1909 to 1912. The determinations have been made 
by several specialists, and the collection has proved to be unusually rich in 
novelties. Of the 1016 species and varieties enumerated, 195 are new, and 
among them are g new genera, as follows: Alphonseopsis and Dennettia 
(Anonaceae), Crateranthus (Myrtaceae), Afrohamelia, Dorothea, Diplosporop- 
sis, and Globulostylis (Rubiaceae), Scyphostrychnos (Loganiaceae), Talbotia 
(Acanthaceae), and Amauriella (Araceae). The new species are distributed 
among 31 families, those receiving the largest additions being Rubiaceae (34), 
Acanthaceae (21), Orchidaceae (20), and Apocynaceae (12).—J. M. C. 


NOTES: FOR STUDENTS 
Caprification.— BAKER’ has published an interesting study of caprification 
in a Philippine Ficus. On some trees of Ficus nota there are produced pear- 
shaped inflorescences which when mature contain gall flowers and staminate 
5 RENDLE, A. B., BAKER, E. G., WERNHAM, H. F., and Moore, S., Catalogue of 
the plants collected by Mr. and Mrs. P. A. Tatzort in the Oban District, South Nigeria. 
pp. x+157. pls. 17. London: Longmans, Green & Co. 1913. 





6 Baker, C. F., A study of caprification in Ficus nota. Philippine Jour. Sci. 8: 
Section of Gen. Biol. 63-83. 1913. 
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flowers. On other trees of the same species only carpellate flowers are found 
within the inflorescence, although in the latter cases rudiments of stamens 
sometimes appear. Pollination is effected by means of a new species of 
Blastophaga (B. nota Baker), which in its appearance and behavior presents 
striking differences from the published accounts of the pollination of the fig. 

Upon gall-bearing trees of Ficus nota, the production and maturing of 
inflorescences is almost continuous, and the broods of the gall-producing 
Blastophaga constantly overlap one another, thus failing to show the definite 
seasonal stages of insect and gall as described in the case of the Smyrna fig. 
A short time before the opening of the staminate flowers in the gall-fig or 
caprifig, the wingless males of Blastophaga emerge from some of the galls 
within the inflorescence. These males immediately begin gnawing holes into 
other galls within the same inflorescence, deserting these holes at once when 
they are found to contain insects other than the females of Blastophaga, and 
copulating with the females when they are present. After copulation the male 
does not enlarge the opening, thus assisting the female to escape from the gall 
as has been stated in other descriptions, but it proceeds to gnaw openings into 
other galls which may or may not contain females of Blastophaga. Most of 
the males die soon after copulation with one or a few females. The females 
gnaw their way out of the galls which inclose them. The interior of an 
inflorescence soon becomes an active mass of winged females of Blastophaga, 
and of insects of several other genera which mature within the gall at the same 
time. The stamens mature at this time and dehisce naturally (not cut open 
by the male Blastophaga as described for other species of Ficus), and the bodies 
of the females become dusted with pollen. The scales which have kept the 
inflorescence closed against the escape of the insects up to this time now wither 
and the females escape. Some of these females fly to younger inflorescences 
upon the same tree or upon similar gall-bearing trees and enter the inflores- 
cences. In the young gall-forming inflorescences the carpels are of such form 
that the insect can insert the ovipositor into the funnel-shaped stigma and 
place the egg within the ovary of the carpel. When this has been done the 
conditions are supplied for the development of new galls. But when these 
females fly to trees upon which are the inflorescences which produce ripened 
figs, the story is different. In the inflorescences of these trees the styles and 
stigmas are of such form that the insects cannot place their eggs within the 
ovary, and the females run about within the inflorescence, finally dying with- 
out having placed their eggs within the ovaries of the flowers. But meantime, 
as they have moved about within the inflorescence the insects have placed 
upon the stigmas the pollen which they brought from the gall figs or caprifigs. 
Fertilization, seed formation, and ripening of the figs follow. 

BAKER finds not only this new species of Blastophaga, but one new genus 
and five new species of parasitic insects accompanying Blastophaga in infesting 
the inflorescences of Ficus nota.—O. W. CALDWELL. 











346 BOTANICAL GAZETTE 





[OCTOBER 


Anatomy of Japanese conifers.—The difficulty in distinguishing the wood 
of closely related conifers by their anatomical structure is clearly illustrated by 
Fuy1oKa’s detailed study? of the anatomy of 37 species of Japanese Coniferales. 
The primary object of the investigation, as outlined in the preface, was to 
secure a more reliable basis for distinguishing the various Japanese woods of 
similar external appearance. In the “Tabelle zum Bestimmen” which sum- 
marizes the results of the investigation, the 19 genera investigated are separated 
into 16 groups. Evidently no simple and reliable basis for distinguishing 
species was discovered, nor were the following genera separated: Taxus and 
Torreya; Thuyopsis, Cryptomeria, Chamaecyparis, and Cunninghamia. The 
diagnostic characters used in the classification are those used by GOTHAN® in 
his key to the wood of the gymnosperms and are therefore subject to similar 
criticisms. 

The use of traumatic resin canals as a basis for separating the Abieteae 
(Abies and Tsuga) from other conifers is unreliable, since any given specimen 
submitted for identification may be uninjured and therefore may not possess 
these structures. As the reviewer has pointed out,° tertiary thickenings are 
not invariably a reliable diagnostic character in separating the wood of Larix, 
Pseudotsuga, and Picea. Similarly, variations in ray parenchyma pitting are 
of doubtful value in distinguishing the wood of the various genera of the 
Cupressineae. That the cupressineous type of ray pitting is a reduction from 
the abietineous type (“‘Abietineen Tiipfelung”’) is clearly shown by the per- 
sistence of the latter in the Taxodineae and Cupressineae in regions of phylo- 
genetic significance, for example, cone axis, injured wood, young root, etc. As 
is commonly the case with structures undergoing reduction, the ray pitting is 
extremely variable in a given species or genus of the Cupressineae, just as is 
the occurrence of marginal tracheids and the recurrence of resin canals in the 
wood of the Abieteae and Sequoia. 

The study of many gymnosperms and angiosperms emphasizes the fact that 
although internal structures are invaluable in blocking out the general outlines 
of a natural classification of plants, they are too conservative to be significant 
in distinguishing closely allied species and genera.—IRVING W. BAILEY. 


Cecidology.—Among the European contributions is a paper by SCHELLEN- 
BERG" in which the author claims that galls caused by fungi serve for storage for 


7 Fujioka, M., Studien iiber den anatomischen Bau des Holzes japanischen 
Nadelbiume. Jour. Coll. Agric. 4: 201-236. pls. 18-24. 1913. 

8GoTHAN, W., Zur Anatomie lebender und fossiler Gymnospermen-Hélzer. 
\bh. Preuss. Geol. Landesanstalt. Berlin. 1905. 

9 BAILEY, I. W., The structure of the wood in the Pineae. Bor. GAz.48:47-55. 
pl. 5. 1909. 

‘0 SCHELLENBERG, H. C., Uber Speicherung von Reservestoffen in Pilzgallen. 
Verhandl. Schweiz. Naturl. Gesells. 94:277-279. 1911. 
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the parasite. These storage materials are the same as those found in other parts 
of the plants except that they have a much higher concentration. 

SWANTON" describes a mite gall on Geranium lucidum caused by Eriophyes 
geranii canestrini. This gall does not occur on other species of Geranium on the 
British Islands, but does occur on three other species on the continent. E. rubiae 
Can. attacks the apical leaves of Rubia peregrina, causing them to appear as 
flowers. 

In the American literature we note a new species by COCKERELL” under the 
name of Cecidomyia peritomatis. This is especially interesting because of the 
very few galls known on Capparidaceae. 

A very interesting paper by WHITE on the bearing of teratological develop- 
ment in Nicotiana on the theories of heredity begins with a brief review of our 
knowledge of teratology. The mutant of Nicotiana tabacum was obtained from 
Alquiza, Cuba, in 1907. The malformation consisted of a flattened stem accom- 
panied by many smaller teratological features, especially in the flowers. Five 
generations, involving more than tooo plants, have been grown, each individual 
showing the original mutant characters which are shown in tables. The results 
of his experimental work are summarized as follows: ‘From the results of 
hybridization and selection, one may draw the conclusion that the fasciated 
mutant differed from the normal parent strain by only one factor, and that it 
represents a mutation upon the variability of which selection has no modifying 
effect. The character appears to be due to the one underlying cause, and its 
variableness is only the external manifestation of the capricious working of that 
cause.” The author also gives a very interesting and suggestive discussion of 
the cytology of the mutant and the normal, which he concludes by saying that 
“the evidence warrants one in the suggestion that chromosomes are characters 
of the zygote and gametophyte, on the same development with other plant 
characters.”—MEL. T. Cook. 


Araucarineae.—THOMSON" has made a detailed study of the anatomy of 
the araucarians, and has reached certain conclusions in reference to the affinities 
of this much discussed group. He has taken into account leaf gaps, leaves, 
pitting of secondary tracheids (including bars of Sanio), resin tissue, medullary 
rays, bast and periderm, annual ring and tangential pitting, and fossil forms. 
The recent discussion concerning the origin of the araucarians has presented 


™ Swanton, E. W., New and rare British plant galls. Jour. Botany 50: 283, 284. 
I9QI 2. 

2 COCKERELL, T. D. A., A new gall on Peritoma serrulatum. Jour. Econ. 
Entomol. 6:279, 280. 1913. 

'3 WuiTeE, O. E., The bearing of teratological development in Nicotiana on the 
theories of heredity. Amer. Nat. 47: 206-228. 1913. 

‘4 THOMSON, RoBERT Boyp, On the comparative anatomy and affinities of the 
Araucarineae. Phil. Trans. Roy. Soc. London B 204:1-50. pls. 1-7. 1913. 
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two alternatives: derivation from the lycopods, suggested by SEWARD; or 
derivation from the Abietineae, supported by JEFFREY. THOMSON dissents 
from both, and concludes that the araucarians have been derived directly from 
the Cordaitales. The objection to a lycopod origin is based chiefly upon the 
presence of leaf gaps, which THOMSON regards as of fundamental importance 
in indicating an origin by way of the fern stock. 

The objections to derivation from the Abietineae deal with many details, 
the pith of them being that in the various anatomical details used araucarians 
resemble Cordaitales more than they do Abietineae. JEFFREY has appealed 
to the Mesozoic plexus of ‘‘Abietinean-Araucarian”’ forms as indicating the 
origin of araucarians from the Abietineae; but THomson concludes that these 
transition forms indicate that Abietineae have been derived from the arau- 
carians, and he claims that this conclusion is confirmed by the fact that the 
araucarians are of greater geological age than the Abietineae. This last state- 
ment is based ‘upon the fact that THoMson and ALLIN's investigated certain 
Permian and Carboniferous forms that had been referred to Pityoxylon and 
found that they do not belong to Abietineae.—J. M. C. 


Marine flora of Woods Hole.—For a number of years Davis has been 
studying the marine flora of Woods Hole and vicinity, part of the time in con- 
nection with the biological survey of the Bureau of Fisheries. The results have 
now appeared in two sections of a bulletin of the Bureau of Fisheries, and 
represent the most complete study of our marine algal flora up to this time. 
The first section deals with the ecology of the flora, such factors being dis- 
cussed as the coast, the bottom in deeper water, the tides and tidal currents, 
the effect of ice, depth of water, light, temperature and seasonal changes, and 
salinity of the water. The characteristic algal associations are described, their 
number reaching 57. Special reports are also made on the algae of Spindle 
Rocks, Woods Hole Harbor, and on the distribution of the marine algae in the 
deeper waters of Buzzards Bay and Vineyard Sound. This section is accom- 
panied by 47 descriptive charts. 

The second section is a catalogue of the marine flora, the number of forms 
enumerated, with data concerning their distribution, being as follows: Cyano- 
phyceae 37, Chlorophyceae 52, Phaeophyceae 74, Rhodophyceae 96.—J. M. C. 


15 THoMSON, R. B., and ALLIN, A. E., Do the Abictineae extend to the Carbon- 
iferous? Bor. GAz. §3:339-344. 1912. 

6 Pavis, BRADLEY Moore, General characteristics of the algal vegetation of 
Buzzards Bay and Vineyard Sound in the vicinity of Woods Hole; also A catalogue 


of the marine flora of Woods Hole and vicinity. Bull. Bur. Fisheries 31:443-544, 
795-833. IQII. 

















